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ABSTRACT

Determination of free or hydrolysable formaldehyde in consumer goodsis
an important safety issue and it is addressed by an Ultrasonic assisted
extraction (UAE) method. The method studied isfound to be an integrated
method asextraction and derivati zation with 2,4-diphenyl hydrazine (DNPH)
al accomplished in one shot employing an aqueous detergent solution.
The complete sample preparation for subsequent HPL C analysis was done
in4 minincomparisontothe official IULTCS protocol taking 120min. The
variousinfluencing factorsin UAE of formaldehyde from consumer goods
like leather and textiles were studied and reported. Formal dehyde estima-
tion was achieved in various consumer goods with good reproducibility.
LOD of 0.3mgkg* and LOQ of 3mg kg werereported.
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INTRODUCTION

Formaldehydeisclassified asasubstanceof high
health concern) and carcinogeni c compound# but
that till remainslargein usagein variousindustries,
cosmetics, textilesand leather industries. Thefinished
products of cosmeticsincluding many facia creams,
consumer goodsof textilesand leather possibly carry
residuesof formal dehyde. European Union aready im-
posed its ban® and thereare many official protocols
for analyzing formal dehyde in consumer goods®™.
Formal dehyde, what isdiscussed inthisstudy isfreeor
hydrolysableforma dehyde. Althoughthereareofficid
procedures®” they arefound with few shortcomings.
Of which, someare HPL C based procedureswhichis
thefirst option asthat servewith better reliability from
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thereasonthat LCinvolvesdetection of formadehyde
inisolation’®®, The second option isoverwhemingly
photometric procedure®™ asissimple but sometimes
suffer badly dueto theinterference by other carbonyls
and col ouring substanceswhen present in samples. In
such conditionsthe procedure leadsto fal se positive
and exaggerated results. Theofficia protocol sregard-
less of HPLC based or otherwise demands 1 hour for
extraction followed by atleast 1 hour for derivatization
and hence 2 hours of preparation for asample. The
proposed procedure cuts short this 120minto just 4
minutesand also al stepsclubbed into one and hence
anintegrated approach.

Someandytica techniqueslikeMicrowaveasssted
extraction (MAE), Ultrasonic extraction (UAE), Pres-
surized solvent extraction (PSE) offer scopeto develop
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quick proceduresfor many anaytespresent mainly in
solids. Thetheory of UAE!2, Ultrasonicleaching of
analytes?® and in particular, the oneincorporating in
situ derivatization?¥ werereported earlier.

Making use of ultrasonic energy, different ap-
proacheswerereported for determination of formal -
dehydein varioustypes of samples, for exampleadi-
rect UAE for food 122 which reported 40min for ex-
traction and along duration of 6hoursfor derivatization
and the next UAE wasfor consumer goodslike tex-
tile3® whileultrasonic ass sted emulsfication micro ex-
traction wasreported for cosmeticd?! Theselast two
studieswere reported as ssmultaneous extraction and
derivatization based on Ultrasonic technique. L.Chen
et.al'® reported adynamic ultrasonic assisted extrac-
tion coupled on-linederivati zation for determination of
formaldehydeintextiles. Inthis study, formal dehyde
extracted by ultrasonic meansispassed on-linethrough
aDNPH saturated cati oni c exchange columnto achieve
DNPH derivatization. I.Lavilla?¥ studied Ultrasonic
assisted emulsified extraction with simultaneous
derivatization udng acetyl acetonewnhichissubsequently
subjected to centrifugation followed by fibreoptics
based UV-VISmicro spectrophotometry for detecting
formal dehydein cosmetic samples. Inthisstudy, there
were number of factors reported like volume of or-
ganic solvent, dispersing solvent, ionic strength, cen-
trifugationtimeetc. to carefully study andfix, toensure
recovery. A smultaneousextraction and derivatization
method involving ultrasonictechniquewasreported dso
by J.Huang et.al.[®! for detecting carbonyl compounds
intreeleavesbut unlikethis proposed study, they re-
ported solventsfor the extraction and alsowith atime
frameof 1 hour for theentire sample preparation.

In contrast to theselast three studies of Ultrasonic
assisted S multaneousextraction and derivetization, the
proposed study does not invol ve setting of too many
parameters, usageof solvent or having any requirement
of additionally prepared column but, found to be a
smpleand fast approach.

EXPERIMENTAL

Reagents

Sodium  dodecylsulphate (SDS),2,4-
dinitrophenylhydrazine, ortho phosphoric acid of 80%
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purity wereof anaytica grade; HPL C-grade acetoni-
trile were procured from Merck (Mumbai, India).
HPL C-grade purity of water was prepared using Milli-
Q apparatusof Millipore, (Bedford, MA, USA). Form-
aldehyde of 1SO grade purity was procured from
Merck, Darmstadt, Germany and using this, astock
solution of Formaldehyde at 2000 mg I-* was prepared
usingwater of LC grade; fromthisstock, working stan-
dard solutionswere prepared daily. Theworking stan-
dardsfor LC were prepared using appropriate quanti-
ties of formal dehyde standard sol utionsto represent
formadehydeintherange0.5-10 pg.

Apparatus

Ultrasonicator Model 275 was procured from
CREST Ultrasonics, Trenton, NJ, USA. Themode has
provision to operate up to 50UC with thermostat and
hasfixed sonicating power of 90W onanaverage. HPLC
consistsof pump model Alliance 2695 with Photo di-
ode array detector of model 2996 and operated with
Waters Empower2 softwareversion 6.21.00.00. This
L C system was procured from Waters Corporation,
Milford, MA, USA. Purosphere (C,) LC column of
250x 4.2mm|.D. with 5 um particles, wasfrom Merck
(Darmstadt, Germany).

LCanalyss

Inthisstudy, an isocratic el ution programmewas
used with acetonitrile and water as solvents. 70%Ac-
etonitrile and 30% water was used as mobile phase.
Theflow ratewas0.80 ml min. 10ul sample was used
for injection and the detection wasat 350nm. TheLC
andysistimewas10min.

Ultrasonic assisted extraction of samples

Textile, Leather samples were reduced to
goprox.100to 200 micronsusingalaboratory mill (some
samplesthat could not be ground were cut into small
pieces of gpprox.1-2sq.mm). 0.1 g of samplethuspre-
pared was weighed and taken in a stoppered 20ml
graduated test tube. 5ml 0.1% SDS aqueous extract-
ant wasadded a ong with 0.5ml DNPH solution.

Ultrasonicator was set to reach 40UC and once
found stabl e, the sample container was placed inthe
sonicator by ensuring that thewater level of the sonica-
tor was abovethe contents of the samplevessd. Soni-
cation wasdonefor 4min. Thecontentsof thetest tube
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after coolingtoroom temperature, transferredto a10mi
volumetric flask, added 4ml of acetonitrileand made
up tothemark with LC grade water. The samplewas
filtered with 0.45um membrane filter for subsequent LC
andyss.

Spiking studies

The spiking studieswas carried by adding formal -
dehyde standard sol utions of appropriate quantitiesdi-
rectly to thesolid samples of weighed portion and each
of them was taken directly for UAE studies. Using
Hamilton microlitre syringe, formaldehyde quantities
were added to samplesin the volumesof 10-25ul as
per thefollowing scheme: For spiking, Imgkg* spiked
studies of samples, 10 ul of 10 pg ml* wasused; for
achieving5mgkg?, 5ul of 100 ug ml? ; for achieving
spiked studiesof 10mg kg™ of solid samples, 10 ul of
100 pg mlt and for achieving 15 mgkg* spike, 15 ul of
100 pg ml* wereused. Each of these spikeswasdone
to 0.1g of sampledirectly employed for UAE.

Official protocoal for formaldehyde

Thisisin accordancewith ISO/IUC/IULTCSEN
(or) DIN protocol asamost dl areon similar lines®"1°,
Leather/ textile sampleswere cut into fine pieces or
milled to afine size, 2g of samplewasweighed and
transferredin toacontainer withlid. 50ml of aqueous
detergent solution containing 0.1% sodium dodecyl sul-
phate was added to the sample. The contentswas sub-
jected to leaching of formal dehyde under gentle stir-
ring/shaking at 40°C for 1hr. The contentswasfiltered
off thesolid remainsand alowed to cool to room tem-
perature. 5ml of the extract wastransferred into a10ml
standard volumetric flask, followed by 4ml of acetoni-
trileand 0.5ml of 0.03% DNPH reagent prepared in
concentrated phosphoric acid. If required, water was
used to make up to the mark. The derivatization was
alowed to proceed atleast for 1 hr but not morethan 3
hours. A calibration plot wasdrawn by using aseries of
standard formal dehyde sol utionsintherangeof 1.0ug -
10ug (by adding directly in 10 ml volumetric flasks and
derivatized Smilarly). A uniform reactiontimewasfol-
lowed for sampleand standard solutions.

SAFETY MEASURES

Formaldehyde is declared as carcinogenic sub-
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stance and henceit should be handled with all safety
measures and precaution; and disposed asper thelo-
cal regulatory procedures. Detailed safety guidelines
should be provided in thework placein the event of
any spillage or contact by theanalyst.

RESULTSAND DISCUSSION

Sudieson someinfluencing parameters

Onscreening severd samplesby following officid
protocol somesampleswereidentified to contain form-
adehyde. Of which, aleather samplewasfound to con-
tainavaueof 400 mg kg* whichwasthehighest anong
the samples studied and al so waswell abovethe per-
missiblelimit of 150mg kg for formaldehyde. That
samplewith high content of theana yte was employed
for studying thefollowing influencing parameters of
UAE.

Theroleof SDSin aqueousextractant

SDSwasused at 0.1% asfound intheofficia pro-
tocol and keeping theextractant identical, influence of
UAE was probed. When merewater was employed as
extractant in place of agueous SDSkeeping all other
conditions identical, the recovery was found to be
71.5%. Thecomparison wasdonefor the samesample.
Actualy SDSwasincluded toimprovethe wetting of
hydrophobic surface of samplesbut, it isfound to be
additionaly serving beneficidly inthisUAE. Aqueous
SD S sol ution supported better recovery than plainwa
ter as extractant; for, it lowered surface tension that
hel ped improving the efficiency of UAE asreported
elsewhere,

I nfluence of volume of aqueous extractant

To study thisimpact on extraction recovery, the
volumeof detergent water asextractant wasvaried from
3ml to 12ml. Thevolumeintherange of 3to 5ml was
found to begood in ensuring arecovery of 99-100%,
however when it exceeded 5ml, the extraction recov-
ery dropped below 80%. With thevolumeof 5ml, the
recovery wasfoundto bein therange 99-100% match-
ing that of thereference officid method. Theinfluence
of volumeof extractant onrecovery of anayteisshown
inFigurel.

I nfluence of samplemass
s Analytical CHEMISTRY
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Figurel: Influenceof thevolumeof theaqueousdeter gent extractant on recovery of for maldehyde.
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Figure2: Influenceof theweight of sampleon recovery of for maldehyde.

To optimizethesamplemasswith therecovery this
study wascarried out. For which sampleweight from
0.05g to 1.0g was varied in 5ml volume of agqueous
extractant d ongwith DNPH derivatizing agent of 0.5ml.
The contents were subjected to UAE for 4min. The
study reveal ed that sample of 0.05-0.5g was accept-

ablehowever if it exceeded 0.5g, dropin recovery was
observed. The samplemass of greater than 0.5g also
posed another problem of absorbing good amount of
aqueous extractant and hencenot preferred. Theinflu-
ence of samplemasson recovery of andyteisshownin
Figure?2.
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Figure3: Influenceof theextraction timeof the sampleon recovery of for maldehyde.

TABLE 1: Spiked gudiestovalidatetheproposed UAE.
Natur e of Originally found level of Spiked Total formaldehyde found RSD (%)
Sample formaldehyde amount by the method Recovery (from 6
(mg kg?) (mg kg?) (mg kg?) (%) replicates)
1.0 11.49 100.8 19
5.0 15.35 99.0 32
Leaher 10.4 10.0 20.29 99.5 27
(cotton) 15.0 1.0 16.10 100.6 21
5.0 19.93 98.6 3.6
15.0 30.50 101.7 34

Influenceof extraction time

To study this parameter, 0.1g sample mass was

takenin5ml of water and 0.5ml DNPH derivatizating
agent in 20 ml of stoppered test tube. The contents
wererai sed to 40°C and duration of ultrasonicationwas
varied from 1to 12min. Recovery valuewasfound to
exceed 90% right from 3min. However 4 miniscon-
sidered quiteidedl for extraction of solid samples. Fig-
ure 3reveal sthetrend observed with regard to the ex-

tractiontimeon recovery of anayteinthismatrix.

Vessel factor on recovery of analyte
The contents comprising the optimized volume of

only when slender reaction vesselslikea“test tube”

wereemployed. Instead, if beakers, conical flasksor

wide-mouthed bottles of comparabl e volumes used,
recovery valueswere erratic and less. 20 ml stoppered
test tubeswerefound suitablefor ensuring good recov-
erieswithreproducibility. Thisisasoinagreement with
an earlier report on theinfluence of vesselsonrecovery

of anayte 27,
Method validation and spiked studies
For method validation, anumber of sampleswere
screened for formal dehyde and those sampleswhich
werefound to befree of formadehyde or with low va-

agueousextractant, samplemassand derivatizing agent ueslike20mgkg? or less(to carry out studiesof vari-
ousspikelevesincluding 1:1) weretaken for spiking

werefound to give good reproducibility of recovery

studies. Formal dehyde standard sol utions of concen-
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Figure4: HPL C chromatogram of for maldehydefound in atextile (cotton) samplebyUAE at A=350nm. (Rt at 3.94-DNPH
and Rt at 5.31-formaldehyde-DNPH derivative).
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Figure5: HPL C chromatogram of formaldehydefoundin aleather sampleby UAE at A=350nm.(Rt at 3.94-DNPH and Rt
at 5.31-formaldehyde- DNPH derivative).
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Figure6: HPL C chromatogram of for maldehydefound in an Adhesivetapeby UAE at A=350nm.(Rt at 3.94-DNPH and Rt
at 5.31-formaldehyde-DNPH derivative).

and 10 timesthe averaged noise value and they were
0.3mgkg* and 3.0mg kg™ respectively in comparison
totheLOD of the Officid method whichis0.4mgkg*
and LOQis4mgkg™. Thelinearity for thecalibration

trationsequivalent to 0.02 -1.5ug were directly added
to theweighed solid samples so that right from the ex-
traction, the stepswere probed. Theresultsalongwith
reproducibility weregivenin TABLE 1. Therecovery ) .
valuesfor spiked sampleswere found in the range of ¥V$O'9989' T?' S method |sfz>ggd toksegvegor ﬁoni?
99— 102% with %RSD values that was a max. of 3.6. ration rangeor amaximum stmg kg-andwhenthis

The LOD and LOQ valueswereaso calculated on 3 concentration exceeded, the experiment hasto bere-
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TABLE 2: Comparison of for maldehyde estimated in different consumer productsby the proposed method and theofficial

IUC method.

Nature of Sample US extraction RSD (%) IULTCS method RSD (%)
b (mg kg™ (from 6 replicates) (mg kg?h) (from 6 replicates)

L eather (footwear) 163.1 6.5 158.6 6.2
Leather (shoe)

Textile (cotton shirt) 104 3.0 103 36
Textile (cotton) 1124 39 113.7 3.0
Gloves. 15.0 29 14.9 34
Chemical (Polymeric resin) 362765 ‘;’; 3623213 gg
Adhesive Tape ' ' ' '

peated by taking asampleweight of 0.05g.
Analysisof real samples

A number of samplesof consumer goods of |eather
and textilesand some process-inputswereanayzed by
this proposed method and al so separately by the offi-
cid protocol. Theresultsfrom both the gpproacheswere
givenin TABLE 2. These results show that the pro-
posed method agreeswel | with theofficial method be-
sides being very fast and reproducible as the UAE
method found with amaximum of 6.5% RSD. When
repeatability was checked fromtria sby different ana
lyststheresults agreed with %RSD of max.6.1.

Figures4-6 are produced herefor the successful
determination of forma dehydeby UAE. Figure4isthe
chromatogram shown for the presence of forma dehyde
in atextile sample. Figure 5isthe chromatogram of
formadehydefoundinaleather sampleand Figure6is
that for formal dehyde detected in an adhesive sample.
Theresultsobtained by UAE for different real samples
and their comparable vauesfrom the official proce-
durewerefurnishedinTABLE 2.

CONCLUSIONS

The proposed UAE method servesasan integrated
approach. 1t may be noted that LOD and LOQ of this
proposed method and the officid protocol wereamost
thesame; thesampleisavailableat 0.1g per 10ml solu-
tioninthe caseof proposed method whiletheofficia
method leadsto 0.2g per 10ml at the end but thereis
no noticeabledifferenceinthe LOD and LOQ. For, in
the proposed method anal yte and DNPH reagent are
insufficiently inlow concentrationsthat their reactionis
facilitated to completion by ultrasonic energy whilein
the conventional typed official method it isstill to com-

plete. The proposed UAE isfound to bein good agree-
ment withtheofficid IULTCSmethod fromtheresults
obtai ned for scores of samples by doing the samples
paraley and datafurnishedin TABLE 2. Also, it offers
to reduce sampl e preparation time significantly from
120minto4 minand hd pstoincreaselaboratory through
put.
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