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Spectrophotometric determination of acrylonitrile in biological samples
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ABSTRACT

A new specrophotometric method is described fortthee determination of acrylonitrile in wastewatand
biological sample. First the traces of acryloni&ilis oxidized by dilute potassium permanganate égtinide. The
cyanide further reacts with bromine to form cyanodpeomide. The cyanogen bromide reacted with pyediives
glutaconic aldehyde through the breakage of hetaic linkage, which then coupled with 4-amino sglic acid.

In alkaline medium a yellow orange dye formed wigckxtractable in n- butanol in acid medium. Tkstem obeys
Beer’s law from 0.015-0.15 ppm .The extract showsimum absorbance at 520 nm. Molar Absorpitivityd an
Sandell’s Sensitivity were found to be 7.4 % [i®ol/cm and 0.0007g/ cm respectively for extractive system. The
Standard Deviation and Relative Standard Deviatiare found to be #0.0073 and + 1.47 % respectivetyl0 19

of acrylonitrile in 100 ml. The method has beencessfully applied for the determination of acrytdté in
wastewater, urine, blood, cystein, saliva etc. aathpared with other methods.
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INTRODUCTION

Acrylonitrile is a man-made chemical with a shawpjon-or garlic-like odour. The acrylonitrile iscalorless to
pale yellow volatile liquid that is soluble in watend most common organic solvents such as acebmmzene,
carbon tetra chloride, ethyl acetate, and toluAreylonitrile is a reactive chemical that polymerszspontaneously
and can explode when exposed to flame. Polymerkraven as insulators. The water soluble polymerehgide
application in industries due to its unique proigsttSince they are biodegradable, their utilizaierestricted [1-
8].

Polymers are often used in pharmaceutical work it@.control the release rate of active substarfoas
formulations and used as stabilizers in emulsiontssuspensions etc., several factors may influgmedehaviour
of the polymers in the formulation [9].

Because acrylonitrile evaporates quickly, it is trdeely to be found in the air around chemicalrgiawhere it is
made. Acrylonitrile breaks down quickly in the dirhas been found in small amounts in the water swil near
manufacturing plants and hazardous waste sitespflimary stationary sources are synthetics, paartd, furniture
and fixtures. Acrylonitrile is present in cigaretimoke [10].

Acrylonitrile is reasonably anticipated to be a lamtarcinogen based on sufficient evidence of maggnicity in
experimental animals. According to ACGIH TLV and @SPEL the maximum limit of acrylonitrile in envinment
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is 4.3 mg/m [11-13]. As a chemical intermediates, it is usedte synthesis of antioxidants, pharmaceuticals,
surface-active agents, dyes, etc. It has been fousdelled walnuts 38 days after fumigation wite tmixture [14-
20].

Acrylonitrile has been determined by various methotike —Gas chromatography [21-26], Titrimetry [25],
Polarography [29], IR spectrophotometry [30], lodking [31] and Paper chromatography [32]. Differegdigents
proposed for its spectophotometric determinatiom saulphanilic acid [33], pyridine [34], lauryl mgxtans [35],
aniline [36], phloroglucinol [37] etc.

EXPERIMENTAL SECTION

Apparatus: A systronics spectrophotometer 166 with matchednlcells and systronics digital spectrophotometer
model BSM-13 were used for all spectral measuresnéditglassware’s were calibrated

Reagents All chemicals used were of analytical reagentigrand solution was prepared in distilled water.

Standard Acrylonitrile Solution: The stock solution of 1mg/ml of acrylonitrile wasepared in 5% ethanol and
kept in an amber colour bottle. A working standsotution of 10ug /ml was prepared fresh daily by appropriate
dilution to the stock.

Pyridine Reagent 3 ml conc. hydrochloric acid (BDH) was mixed witBml of freshly distilled pyridine then it
was diluted with 12ml of distilled water. The sadut was kept in an amber colour bottle.

n-Butanol: Anal R grade n —butanol (BDH) was redistilled befase.

Sodium Arsenite: A 0.5% (weight/volume) solution of sodium arsenitas prepared by dissolving 500 mg of
sodium arsenite in 100 ml distilled water.

4- Amino salicylic acid: 1 % (weight/volume) solution of 4-aminosalycylid&a¢Loba Chemicals) was prepared by
dissolving 1 g of 4-amino salicylic acid in 100 wistilled water. The reagent is stable ~45 daysoam
temperature.

Bromine Water: Saturated solution of bromine in distilled wates used.

Hydrochloric Acid Solution: 6 M hydrochloric acid solution was prepared bympriate dilution of Conc. HCI
with distilled water.

Sodium Hydroxide: 3 M sodium hydroxide solution was prepared frestydgy dissolving 12 gm NaOH in 100 ml
distilled water and standardized by the standarithaue[38].

Potassium permanganate solutionAlkaline potassium permanganate solution (25mDdfN) was mixed with
75ml of 0.1 N NaOH solutions.

Solutions of interfering ions Solution of interfering ions was prepared acaogdio west [39].

Procedure

An aliquot containing 4.5 to 4fig (i.e. 0.45 to 4.5) of acrylonitrile was takenahO ml volumetric flask. 1 ml of
alkaline potassium permanganate solution was atidiécind the reaction mixture was kept for 2 m@sutThen the
excess of potassium permanganate was decolourigediiew drops of sodium arsenite solution follaley 0.2

ml of 2 N hydrochloric acid. To it 0.5 ml of satied bromine solution was added. After two minditesexcess of
bromine was destroyed by the drop wise additiosaafium arsenite. To it 0.3 ml of pyridine reagesitofved by

0.4 ml of 4-amino salicylic acid solution was add&be reaction mixture was kept for 5 minutes. $bkition was
made alkaline by adding 0.4 ml of 3M sodium hydd&xiThe volume was made up to the mark with distilivater

(Final pH~8.0). The absorbance of the yellow dys weeasured at 400 nm against distilled wggiy-1].
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4) Solvent Extraction

An aliquot of water sample (~ 100 ml) containing5(1o0 15ug) of acrylonitrile was taken in a 250 ml separgtin
funnel. The yellow ploymethine dye added (formedegsorted for aqueous procedure). Then 4 ml of 8klitsn
hydroxide was added for complete color reactiore fihal PH~8 was adjusted with 10 ml of 6M hydramid acid
prior to extraction. The dye was then extractechviwwo 5 ml portions of n-butanol and dried over yarous
sodium sulphate. The absorbance of red-purple ddemeasured at 520 nm against similarly treategeraeblank.
The calibration graph was prepared by treatingdsteds in a similar fashion.

5) Colour reactions of acrylonitrile

CH,=CH-CN KMn© g CH,=CH-OH + KCN
Acrylonitrile Alkaline Hydrolysis =
(Fumigant)
KCN + Br, > KBr + CNBr
0)
CNEr -

i

bomem f

11+ 2H,0 > ‘ + NH,CN+ HEr

OHC CHOH
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Glutzconic Aldshyde

HN OH HO
' ) &
(1) + HOOC | @ CH-NH

COCH

HO
COOH
Polymethine-dye
2) Effect of temperature
Effect of temperature on the colour reaction waslisd. The study reveals that the absorbance vakraained

constant in the temperature range between 1%-4Below and above this temperature range the baroe values
decreased [Fig-2].
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RESULTS AND DISCUSSION

Spectral Characteristics
The red-purple dye shows maximum absorption atr20The absorbance spectra of the dye are showigiril.
The reagent blank is colourless and shows negligibsorption at this range.

051
045 | A
04 1 /
0.35 A B
S 031
=
2025
o
= 021
0.15 A
0.1
C
0.05 -
0 T T T T T T T T 1
480 490 500 510 520 530 540 550 560
Wavelength,nm

Fig. 1 Absorption Spectra of the Dye and Reagent Bhk
A. Concentration of Acrylonitrile = 45 pg/10ml.
B. Concentration of Acrylonitrile = 23 pug/10ml.
C. Reagent Blank

Effect of Varying Reaction Conditions

1) Effect of temperature

Effect of temperature on the colour reaction waslisd. The study reveals that the absorbance vakraained
constant in the temperature range between 1%-4Below and above this temperature range the baroe values
decreasefFig-2].

2) Effect of time

The time required for complete coupling reactiom @olor development was also studied. It was fothat a
minimum 5 minutes were required for full color diy@ment and up to 7 minutes constant absorbancesalere
obtainedFig-3]. The dye formed was stable for 45 minutes.

3) Effect of Oxidizing Reagent

Effect of oxidizing reagent for complete oxidatiof acrylonitrile into cyanide was studied. It wasufhd that
maximum absorption for colour reaction was obtaiméten 0.1 N potassium permanganate and 0.1 N sodium
hydroxide were mixed in the ratio of 1:3. A minimwh1 ml of oxidizing solution was found to be sciént for
complete oxidation of acrylonitrile. Excess of msi@am permanganate caused no effect on the abserlaanthe
excess was destroyed by sodium arsenite solutlitowied by hydrochloric acid.

4) Effect of Bromine Solution
Effect of bromine solution was studied by adding th 0.8 ml of saturated bromine solution. It wearfd that a
minimum of 0.5 ml of bromine was required for coetpl bromination. Up to 0.8 ml constant absorbamteeswas
observed. Excess of bromine caused no change iabtfwbance values since the excess of brominelessyed
by sodium arsenite solution.
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5) Effect of Pyridine
It was found that a minimum of 0.2 ml pyridine weeeded for the complete colour reaction. Up to Jpynidine

caused no change in the absorbance vikigs4]
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Fig. 2 Effect of Temperature on the Colour Reaction Fig. 3 Effect of Time on the Colour Reaction
Concentration of Acrylonitrile = 20 pg /00 Concentration of Acrylonitrile = 20 pgQthl
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Fig. 4 Effect of Amount of Pyridine on the Colour Reaction
Concentration of Acrylonitrile = 20 pg /10ml

6) Effect of Sodium Arsenite
It was found that a minimum of 0.2 ml pyridine waeeded for the complete colour reaction. Up tol pyridine
caused no change in the absorbance vékigs5]

7) Effect of 4-amino Salicylic Acid

A minimum 2 ml of 4-amino salicylic acid was suféat for complete color reaction but addition updtonl of it
had no effect on the absorbance valiég-6].
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Beer’s law, Molar absorptivity, Sandell’s sensitiviy and Reproducibility
The colour system was found to obey Beer’s lawhia tange of 0.015 to 0.4%/ml. Molar absorpitivity and
Sandell’s sensitivity were found to be 7.4 ¥ ¥fhol/cm, 0.0007ug/ cm respectively for extractive system.

05 025

06 01 02 04 06 08 I 05 1 15 2 26 3 35 4

Amount of sodium arsenite, ml Amount of 4-amino salicylic acid, ml

Fig. 5 Effect of Amount of Sodium Arsenite on the Glour Fig. 6 Effect of Amount of 4-Armo Salicylic Acid on
the Colour
Reaction Concentration of Acrylonitrile = 2@ ya0ml Reaction Concentration ofyfanitrile = 20 pg /10ml

The reproducibility of the colour reaction was dkext by 7 replicate analysis over a period of 7 dagble 1]. The
standard deviation and relative standard deviatias found to be +0.0073 and + 1.47 % forytpof acrylonitrile
in 100 ml.

Table-I: Reproducibility of the Method
Concentration of Acrylonitrile = 45 pg/ 10ml

S.No | No. of Day: | Absorbance at 520 nr’

1 1 0.505
2 2 0.495
3 3 0.510
4 4 0.501
5 5 0.49(

6 6 0.50¢

7 7 0.501

Mean = 0.501Standard Deviation = +0.0073, RelatBtandard Deviation = 1.47%,
* Mean of three repetitive analyses

Effect of Foreign SpeciesThe effect of foreign species commonly found withytonitrile was studied. The known
amounts of foreign species were added {oy3f acrylonitrile in 10 ml of the final solutiorripr to analysis and
then analyzed by the proposed method. The methfuiil to be free from the interference of mosthef organic
compounds viz. phenol, aniline, benzene, benzalikshyitrobenzene etc. Masking of metal ions withTER&nd
sodium potassium tartrate solution increases tlegace limit to considerable extent. Cyanides tmadcyanates
show positive interference with the determinatidraorylonitrile. The tolerance limits shown ifable Il are the
concentration of interfering species that caus@&a2ror. Oxidizing and reducing agent if presentenemoved by
sodium arsenite and bromine water.
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Table-1l: Effect of Interfering Species
(20 1g of Acrylonitrile in 10 ml Aqueous Solution)

S. No. | Interfering Species (Tolerance Limit in pg)*
1 Benzene 2000
2 Benzaldehyde 800
3 Phenol, F 1000
4 Nitrobenzene, Aniline 200
5 Zrt** Ccd*, Pg” 10,000
6 SQZ, PQZ, Sulphide 10,000
7 cd’, B&" 5000
8 Fet AL 37 Cr¥™ 500
9 Sé*Mg®, Mn*™ 500
10 Cu™ 300

*Tolerance limit causes 2% error.
**Masked with 1ml of 10% sodium potassium tartraddution.
*** Masked with 1ml of 10% EDTA solution.

Solvent Extraction- The limit of detection/determination could be calesably improved by employing solvent
extraction from 0.4 to 4.ag/ml of acrylonitrile in aqueous system to 0.01®1t®b5 ppm of acrylonitrile in extractive
system of the various solvents tested, n-butanal fwand to be the best. The molar absorpitivity fasd to be
lower when higher alcohols such as hexanol, isolasgohol, methyl propyl alcohol and octanol werged.
Extraction was not possible with benzene, chlomfand carbon tetrachloride.

7) APPLICATION

The proposed method has been successfully appiethé determination of acrylonitrile in water, bth urine,
saliva and cystein.

(A) In Water: Since water sample was found to be free from aniyile, synthetic samples were prepared by
adding known amounts of acrylonitrile to each sampior to analysis. The recovery ranges from 989%able
1.

(B) In Biological Samples:Since biological samples were found to be freenficrylonitrile, synthetic samples
were prepared by adding known amounts of acrylimito each sample prior to analysis after depnatidn with
trichloroacetic acid as recommended. The recowvanges from 94-99%Thable I11].

Table-IIl Determination of Acrylonitrile in Wastewa ter and Biological Samples

Acrylonitrile, pg Recovery

Samplé | Set No. added fou %
1 20 19.6 98.00
Water 2 30 29.5 98.83
3 40 38.7 96.75
1 20 19.2 96.00
Blood 2 30 29.0 96.70
3 40 38.4 96.00
1 20 19.3 96.50
Urine 2 30 29.0 96.70
3 40 37.9 94.75
1 20 19.5 97.50
Cystein 2 30 29.7 99.00
3 40 39.3 98.25
1 20 19.8 99.00
Saliva 2 30 29.5 98.30
3 40 39.2 98.00

Note- Mean of three replicate analyses.
& Amount =1 ml.

CONCLUSION
For acrylonitrile determination the proposed methad rapid, more sensitive as compared to other

spectrophotometeric method&aple 1V]. Some advantages of this method are rapid caoeldpment, stability,
easy availability of the reagent, reproducibilitydafreedom from a large group of interfering speciéhe extraction
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method is advantageous because it lowers the detdenit by the concentration effect. The methoashheen
successfully applied for the analysis of acrylokatin water and biological samples and can beiaggbr industrial
hygienic work.

Table-IV Comparison of methods reported for the de¢rmination of acrylonitrile

Set. No. Reagents (Ref) Range of Determination Jppm Remarks
1. Pyridine [34] 5-30 dye less stable
2. Aniline-pyridine [36] 10-40 low sensitivity
3. Laurylmercaptan [35 5-50 reagent unstable
4. Phloroglucinol [37] 1-7 less sensitive & seleeti
5. Sulfanilic acid [33] 0.5-5.0 Interference of aes and N@
6. 4-amino salicylic acid 0.12-0.80 proposed method
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