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TECHNICAL NOTE

P. A. F. Pranitis,! B.A. and Abraham Stolman,? Ph.D.

Spectrophotometric Determination of Cyanide
in Biological Materials

The analytical methods currently used for the determination of cyanide in biological
materials are the aeration method with the Prussian blue (ferricyanide) reaction [/] and
some microdiffusion methods [2,3]. The methods are dependent on color reactions, the
procedures are either time-consuming or cumbersome, and the results are of questionable
accuracy. A method using the ultraviolet light absorption characteristics of a cyanonick-
elate complex was developed by Scoggins [4] for the accurate identification and quantita-
tion of cyanide in aqueous solution. This method was found to be readily adaptable for
the determination of cyanide in biofluids and tissues. The resulting cyanide-nickel
complex which formed rapidly was found to be stable and could be quantitated readily.
This paper presents a method to detect cyanide in biological materials by a spectrophoto-
metric procedure.

Reagents and Procedure

The ammoniacal nickel chloride reagent was produced by diluting 237.7 mg NiCl, - 6H,O
and 67.5 ml ammonium hydroxide to 1 litre with distilled water. A 10% solution of lead
acetate in distilled water was also used. A 50% solution of sulfuric acid was used to
produce hydrocyanic acid (HCN).

The procedure involves the liberation of cyanide from the biological material and then
bubbling it through a NiCl, reaction solution. This is conventionally accomplished by
setting up three gas washing bottles in series (Fig. 1) with the appropriate materials and
reagents in the respective bottles. Five millilitres of ammoniacal NiCl, solution are
poured into a large test tube (approximately 12.5 by 1.5 cm), which is then inserted into
reaction bottle (3, Fig. 1). The inlet tubing is placed inside the test tube containing the
NiCl. solution. Twenty millilitres of lead acetate solution are placed in a reaction bottle
(scrubber) (2, Fig. 1), with the glass tubing submerged in the lead acetate solution to re-
move sulfides. To the specimen bottle (Z, Fig. 1) is added 2 ml blood or 2 g homogenized
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FIG. 1—Diagram of the three gas washing bottles in sequence; (1) specimen bottle; (2) scrubber
bottle; (3) reaction bottle; (A) sample; (B) lead acetate solution; (C) nickel chloride solution, and
(D) water bath.

tissue, plus 15 ml water, an antifoam agent,® and 2 ml of 50% H,SO.. The bottle con-
taining the specimen is then placed in a water bath at 90°C. The water level in the bath
is maintained at a higher level than the liquid in the specimen bottle. Suction (sufficient
to produce 200 bubbles per min) is then applied for 20 min. At the end of the aeration
period the cyanide in the NiCl, solution is now ready to be determined quantitatively
by scanning in the ultraviolet range and recording the optical density at 267 nm (versus a
reagent blank of the NiCl, solution) (Fig. 2).

Discussion

Cyanide ion reacts with the ammoniacal NiCl, immediately to form the tetracyanonick-
elate anion complex which can then be determined spectrophotometrically without
further treatment or additional preparation. The method is sensitive to detect 0.5 pg
cyanide per millilitre of nickel chloride solution. The complex which is formed is very
stable at room temperature and need not be analyzed immediately. The presence of sul-
fides in the sample will turn the nickel chloride solution black and cloudy. This complica-
tion is avoided by passing the HCN vapors through the lead acetate solution to remove
extraneous materials. Standard solutions of potassium cyanide were analyzed with and
without the lead acetate scrubbing solution. As there was no difference in absorption
between the two, it was presumed that no lead-cyanide complex was being formed.

A standard curve of cyanide concentration versus absorbance was prepared from a
standard solution of potassium cyanide with a concentration of 10 pg cyanide per
millilitre by making various dilutions of this solution. The absorbance of the cyanonick-
elate compound follows Beer’s law, and a linear relationship was found over the range
2.5 to 100 ug of cyanide ion per millilitre of NiCl; solution in agreement with Scoggins’
findings [4].

Studies are in progress using this method to determine cyanide in biofluids and tissues
stored under various conditions and to evaluate the effects of putrefaction on cyanide
production.

*Silicone defoamer, Dow Corning, Midland, Mich.



PRANITIS AND STOLMAN ON CYANIDE 445

Optical Density

0.0 1

0 250 260 2 280 290 300 310 320 330

Wavelength — nm

FIG. 2—Ultraviolet spectrum of tetracyanonickelate complex; (a) 0.5 ug cyanide per millilitre;
(b) 5.0 ug cyanide per millilitre; and (c) 8.2 ng cyanide per millilitre.
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