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D uring the second half of 1998, poisoning cases were widespread in
Japan. Four events particularly interest analytical chemists. For ex-
ample, in July, 4 people died and 63 became seriously ill after eat-
ing curried rice during a festival in Wakayama, a city located about

60 km southwest of Osaka, and in August, 10 employees of a wood-process-
ing firm in Niigata, a major port city about 300 km north of Tokyo, became
ill after drinking beverages prepared with tainted water. In both cases, the di-
agnosis was cyanide poisoning. And in both cases, the diagnosis was wrong.
Among toxic substances, cyanide is encountered more frequently by medical

personnel because the compound is readily available and highly toxic. Howev-
er, cyanide poisoning is often misdiagnosed because its symptoms mimic other
types of poisoning (1). Medical staff typically lack expertise in the nuances of
cyanide poisoning and must rely on test results, but false-positives can hamper
early medical intervention or eventual criminal investigation (2).
The Forensic Science Laboratory (FSL) for each prefectural police head-

quarters and the National Research Institute of Police Science (NRIPS) have
the responsibility of investigating poisoning cases in Japan. These agencies an-
alyze samples from victims and evidence from crime scenes. (Emergency med-
ical units, using routine clinical analysis methods, also examine samples taken
from victims in the hospital.) Moreover, because copycat crimes involving food
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tampering have continued, the Japanese government established
the Conference on Poisonous and Deleterious Substances Con-
trol Measure in September of 1998. This advisory group was es-
tablished under the Cabinet Secretariat, by the direction of the
Prime Minister, to strengthen the regulation of poisonous and
deleterious substances and information transmission between
ministries and agencies, and affects the FSL, NRIPS, hygiene lab-
oratories, and emergency medical procedures. In this article, the

causes of these false-positive cyanide detections in Japan are dis-
cussed in actual cases.

FFoouurr  ppooiissoonniinngg  ccaasseess
Case 1: Wakayama. The Wakayama poisoning case occurred
around 6 p.m. on July 25, when 63 people began vomiting and
complaining of stomachaches after eating curried rice served at a
community festival in the Sonobe district (3). From the begin-
ning, the cause was attributed to food poisoning. Despite med-
ical care, four people died between 3 and 10 a.m. the next day. 
That next morning, Wakayama police immediately announced

that the Wakayama FSL detected cyanide after testing the stom-
ach contents of the victims and leftover curried rice samples.
However, the medical observations did not fit the typical symp-
toms of real cyanide poisoning, which is characterized by acute fa-
tality and acidosis, an increase in the acidity of the body’s fluids
triggered by high levels of lactate compensating for decreased
ATP synthesis. Nevertheless, the medical treatment followed es-
tablished procedures for cyanide poisoning, and police directed
their criminal investigation at cyanide distribution points, such as
factories that produce cyanide. 
The NRIPS began their investigation four days after the poi-

sonings were initially reported; however, instead of discovering
cyanide in either the victims’ blood or leftover samples of the
curried rice, institute personnel reported on August 3 that they
had detected high levels of arsenic (0.3–0.7%) in the curry sam-
ple (4). As a result, Masumi Hayashi, who lived in the Sonobe dis-
trict, was later arrested on 4 counts of murder and 63 counts of
attempted murder with arsenic (5). The woman used arsenious
oxide, a chemical available to kill termites.

Case 2: Niigata. Around 8 a.m. on August 10, 10 employees
at a wood-processing plant in Niigata City complained of numb
limbs, dizziness, and vomiting after drinking beverages made with

water from an electric kettle in an office (6). In the af-
ternoon, the Niigata police announced that they had de-
tected cyanide in preliminary tests of the victims’ stom-
ach contents, only to retract their statement that evening
(7). The next day, the Niigata FSL and NRIPS report-
ed that sodium azide in the water kettle was the cause of
the poisoning (8). Akihiko Osanai, a former staff mem-
ber, who, interestingly enough, also poisoned himself,
was arrested for injuring 9 people (9).

Case 3: Suzaka. On September 1, the chief clerk at a
supermarket in the city of Suzaka in Nagano Prefecture,
about 200 km northeast of Tokyo, reported to police
that he had identified some bitter-tasting oolong tea from
a can on the store’s shelves (10). The Nagano FSL and
NRIPS detected a high level of cyanide (3100 µg/mL)
in the tea (11). When this tampering case was announced
to the public, a family member realized that Ichijuro
Nakazawa, an older man living in Obuse, a town near
Suzaka, had died after drinking oolong tea made from
a can purchased at the same supermarket. The original
diagnosis was death due to cardiac arrest (12). How-
ever, after the family reported this connection to the po-
lice, NRIPS detected a fatal level of cyanide (4.7 µg/mL)
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FIGURE 1.Toxicodynamics of cyanide in the human body. 

TTaabbllee  11..  PPyyrriiddiinnee––ppyyrraazzoolloonnee  aannaallyyssiiss  rreessuullttss
ffrroomm  ddiirreecctt  mmeetthhoodd  aanndd  mmiiccrrooddiiffffuussiioonn  pprreeppaarraa--
ttiioonn  mmeetthhooddss..
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0.004
0.009
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0.004
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a One mL of 5- or 10-fold diluted saliva and blood plasma samples was mixed with 
0.2 mL of 0.625 mg/mL chloramine T solution containing 0.75 M K3PO4 (pH 7.2) and
placed on ice for 2 min. Next, 3 mL of 0.27% Cyanoline Blue solution in 1:5 (v/v) pyri-
dine:water was added to the mixture and then let stand at room temperature for 40 
min. bTwo mL of the same samples were treated by microdiffusion, in which the sample
was acidified with 0.5 mL of 10% H2SO4 containing 30 mM ascorbic acid followed by 
extraction of CN– into 2 mL of 0.1 M NaOH during a 2-h incubation at room temperature.
One mL of the alkaline solution was then mixed with 0.2 mL of 0.625 mg/mL chloramine
T solution containing 0.75 M KH2PO4 and reacted with the Cyanoline Blue solution. 
c Exhibits endogenous thiocyanate interference. 
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in the victim’s blood (13). A small hole was found in the bottom
of the oolong tea can, which had been sealed with a transparent
material. It is believed that potassium cyanide was poured into the
can via this hole. The murderer remains at large.

Case 4: Okinawa. On the morning of October 18, 1998, at
a motel in Okinawa, a woman noticed a strange taste in the
canned coffee drink that she took from the refrigerator. Fortu-
nately, she immediately spit out most of the liquid. Although
the woman had no unusual symptoms or ill effects, recent events
prompted a motel clerk to alert the police. Okinawa FSL per-
formed a preliminary copper–guaiacum paper test (Schönbain
method) on the remaining coffee drink which indicated cyanide,
and was subsequently confirmed using headspace (HS)-GC by
the Okinawa FSL and NRIPS. It was finally deduced that the
cyanide was derived from artifacts and that the original adulter-
ant was isobutyl nitrite (IBN), but no one was charged (14).

CChhaarraacctteerriissttiiccss  aanndd  eeffffeeccttss  ooff  ccyyaanniiddee
Cyanide is a potent and rapidly acting toxic agent that blocks use
of oxygen by inhibiting cytochrome oxidase, a cellular respiratory
enzyme (2). Lethal levels of cyanide in blood are assumed to be 3
µg/mL (15). Cyanide is also widely used in the chemical industry
in such processes as electroplating and is produced endogenously
from diets that include cyanogenetic glycosides (1, 16). Low lev-
els of hydrogen cyanide (HCN) are found in the most air and are
primarily produced by the incomplete combustion of nitrogen-
containing compounds, such as tobacco smoke (17). HCN is also
released during fires in which nitrogen-containing polymers py-
rolize or burn, and it may be partly responsible for fire-related fa-
talities (15, 18). Recent reports show that significant amounts of
cyanide are detectable in fire victims’ blood, providing further ev-
idence that cyanide can be a lethal agent in fires (19, 20). As a re-
sult, cyanide determinations in blood should be conducted as part

of the investigations into unnatural deaths and as diagnostic pa-
rameters to elucidate the causes of fire deaths. 
HCN is a volatile weak acid (b.p. = 25.7 °C, pKa = 9.2) that

has three equilibria in blood. Toxicodynamics of cyanide are
shown schematically in Figure 1. The three postmortem alter-
ations of cyanide will be discussed in detail in a following section.
Cyanide undergoes acid–base dissociation (HCN jH+ +

CN–) and vaporization equilibrium (HCNLIQUID jHCNGAS).
HCN also shows an association–dissociation equilibrium with
met-hemoglobin (Hb3+), which is a nonphysiological oxidized
form of hemoglobin. This then reacts with cyanide as follows:
Hb3+ + HCN jHb3+•CN–. This equilibrium markedly prefers
the associated form (Kd = 4.5 � 10

–6). HCN is rather more hy-
drophobic and permeable to membrane barriers than CN–.
After cyanide is absorbed by the bloodstream from the stom-
ach—in cases of oral ingestion of cyanide salts or from the lung
and skin following exposure to HCN—the toxin is transported
to a target site with a respiratory function such as breathing, re-
sulting in symptoms of toxicity. Cyanide is detoxified mainly
through an enzymatic transformation by a sulfur transferase,
such as mitochondrial rhodanese, and excreted as thiocyanate or
removed through a minor route involving a reaction with cys-
tine to produce 2-amino-4-thiazoline carboxylic acid (21, 22). 
Most of the cyanide added to whole blood is trapped in red

blood cells, or erythrocytes, and Hb3+ is responsible for this
cyanide-binding capacity in normal blood (23). The hemoglobin
concentrations in the normal blood of adult males and females are
approximately 160 and 140 mg/mL, respectively. Hb3+ is pro-
duced from oxyhemoglobin (Hb2+–O2) by an autoxidation mech-
anism and again converted to deoxyhemoglobin (Hb2+) by the
reduced form of nicotinamide-adenide dinucleotide phosphate
(NADPH) met-hemoglobin reductase system in erythrocytes. The
Hb3+ content in normal blood is 0.5–1.0% (24). Therefore, at least
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~1 µg/mL of cyanide is assumed trapped in blood all the time.

TThhiiooccyyaannaattee  iinntteerrffeerreennccee  
The laboratory analysis of cyanide involves the extraction and
quantification of HCN from samples (25, 26). Aeration, distilla-
tion, and microdiffusion are commonly used procedures for such
an extraction (27–29), and spectrophotometry, spectrofluori met ry,
and HPLC are used as the quantification procedures (30–32). HS-
GC combines extraction and quantification processes and is con-
venient and sensitive; measurement relies on the nitro-
gen–phosphorus or the electron-capture detectors after cyanide is
converted to cyanogen halide (33, 34). In Japan, the microdiffu-
sion–König spectrophotometric method has been adopted as
the standard meth od in forensic toxicology and wastewater reg-
ulation (27, 28). Other methods have been developed for the
rapid determination of cyanide in emergency medical situations
(35, 36). 
In an assay based on the König reaction, cyanide is first ox-

idized to a cyanogen halide. This reaction is specific for cyanide.
The cyanogen halide then is reacted with pyridine to produce
an intermediate that hydrolyzes to a conjugated aldehyde, glu-
taconic aldehyde, which is then coupled with a primary amine
or a compound containing reactive methylene hydrogens. Thio-
cyanate, the final physiological metabolite of cyanide, is the only
serious positive interference in the assay (30). The interference
arises because thiocyanate produces cyanogen halides like cyanide
during the first oxidation step. 
Our laboratory has confirmed that thiocyanate yields a color

development with an efficiency almost equal to that of cyanide in
the pyridine–pyrazolone method, a König reaction assay, except
that there is an absorbance decline in the concentration range
over ~150 ng/mL of cyanide (27). Biological samples taken
from healthy volunteers contain high levels of thiocyanate rel-

ative to cyanide, and these levels are strongly influenced by
tobacco smoking. For example, we found that blood cyanide
(mean: 7.0 ± 1.8 ng/mL), plasma thiocyanate (6.45 ± 5.34
µg/mL), salivary cyanide (17.1 ± 13.5 ng/mL), and salivary
thiocyanate (96.0 ± 48.8 µg/mL) levels were significantly
higher in a group of 20 tobacco smokers than in a group of
20 nonsmokers (4.4 ± 1.0 ng/mL, 1.94 ± 1.47 µg/mL, 9.9
± 6.8 ng/mL, 31.4 ± 23.5 µg/mL, respectively) (37). 
Table 1 shows that body fluid samples containing negligi-

ble amounts of cyanide taken from healthy volunteers yield-
ed a significant color development (Figure 2) in the pyridine–
pyrazolone method. If, instead, the same samples are treat-
ed by microdiffusion, in which the sample is first acidified and
then extracted into an alkaline solution, no color develops.
Therefore, in order to eliminate the thiocyanate positive-in-
terference, cyanide must be extracted from an acidified sam-
ple prior to the use of colorimetry. 
The major drawback to microdiffusion pretreatment is

that, during an emergency situation, it takes > 2 h to com-
pletely extract cyanide from a sample (29). If a sample is not
expected to contain thiocyanate, a direct color reaction with-
out microdiffusion is possible, thus shortening the analysis
time. In the Wakayama poisoning case, the analysts were so

hurried that they performed the pyridine–pyrazolone test di-
rectly on the leftover curry, stomach contents, and blood sam-
ples; in the Niigata case, they tested only the stomach content
samples. They never considered whether a high level of inter-
fering thiocyanate could exist in the samples. 
In the Wakayama case, the cyanide concentration was found to

be extraordinarily high in the victim’s saliva (37). The false cyanide
detection for one victim could be attributed to the moderate level
of thiocyanate in the blood caused by heavy smoking. The false
cyanide detection in the curry rice sample may be due to saliva
contamination in the leftover food on the tray, even though the
volume of saliva present would have been low. The false-positive
for the stomach contents is probably due to high levels of thio-
cyanate arising from the large volumes of saliva we all swallow.
Thiocyanate also interferes with the Schönbain method, which

is also used as a preliminary cyanide assay in forensic toxicolo-
gy (26, 27). The method is based on the oxidation of organic
materials by ozone produced by the reaction of cyanide and cop-
per sulfate. Our laboratory confirmed that commercially avail-
able cyanide test paper, which uses the copper-mediated oxida-
tion mechanism, develops almost the same color intensity for
thiocyanate as for cyanide. 

PPoossttmmoorrtteemm  ccyyaanniiddee  aalltteerraattiioonnss
To account for false-positives, three postmortem alterations of
cyanide should be considered by forensic toxicologists. Phase I
covers changes during the period between the time of death and
the time of sampling; phase II occurs between the time of sam-
pling and the time of analysis (i.e., during sample storage or trans-
fer), and phase III describes changes during analysis (38).

Phase I: Metabolic cyanide production. Because cyanide can be
manufactured through metabolic action, some compounds, when
ingested, produce actions and symptoms that are consistent with

FIGURE 2.Pyridine–pyrazolone color development of healthy human
saliva and blood plasma samples that were analyzed directly or fol-
lowing microdiffusion.



cyanide poisoning. For example,
when nitroprusside, a prescription
hypotensive medication, is ingested,
it is partly degraded to produce NO,
a physiological functioning molecule,
and cyanide, which sometimes intox-
icates patients (39). Cyanide and thio -
cyanate can be detected in the blood
of such patients (40). Another exam-
ple involves the antibacterial agent
hypothiocyanate, which degrades to
cyanide. The thiocyanate reacts with
salivary peroxidase, horseradish per-
oxidase, or myeroperoxidase to gen-
erate hypothiocyanate (41–43).
Aliphatic nitriles are frequently

used as solvents and are not very
acutely toxic. However, they can be
oxidized by cytochrome P-450 to
cyanhydrine, which easily decompos-
es to cyanide (44). Thus, when an
aliphatic nitrile is ingested, cyanide
can be detected in the blood and thio-
cyanate in the urine after an appropri-
ate time interval, and symptoms of
cyanide poisoning may be observed
(45). (Aliphatic nitriles without an
�-hydrogen atom do not metabolize to cyanide [46].) Organ-
othiocyanate compounds are also metabolized to cyanide by a
similar oxidative mechanism (47). Cyanamid, an alcohol deter-
rent, can be metabolized by catalases to produce cyanide (48).

Phase II: Cyanide production during storage. Under certain
conditions, cyanide may be produced as an artifact during sample
storage. For example, cyanide can be produced from reactions
of nitrite with organic compounds present in the sample. Nitrite
produces cyanide from hemoglobin, serum, and heme under
acid ic conditions (49). This kind of nonspecific cyanide pro-
duction is not restricted to blood components. 
Alkyl nitrites, which possess a vasodilator effect, are circulated

as room deodorizers, and their abuse has become a social prob-
lem (50). As demonstrated in the Okinawa poisoning case,
when a coffee drink is tampered with IBN, cyanide is pro-
duced. A commercial canned coffee drink consists of a
complex matrix, including milk proteins, carbohydrates,
lipids, minerals, caffeine, and poly phenols. IBN is easily hy-
drolyzed to nitrite and isobutyl alcohol in a coffee drink,
making the solution acidic. Under acidic conditions, a ni-
trite ion is strongly reactive. Although a considerable por-
tion of the nitrite is oxidized to nitrate by atmospheric
oxygen, some portion undergoes oxidative or reductive
reactions with organic compounds in the coffee solution.
The scheme for one of the nonspecific oxidative reactions is
the production of cyanide, as shown in Figure 3. 
Although the cyanide concentrations (3.2 µg/mL)

found in our forensic investigation of the Okinawa case were
not sufficiently high to kill a human with one serving, we

question if the detection of even
low levels is related to a lethal dose.
In the usual tampering cases, the
original level after cyanide addition
may be higher than what gets meas-
ured because cyanide can be unsta-
ble in a beverage (36). 
Microorganisms can also produce

cyanide through putrefaction, and
many bacteria are involved in cyano-
genesis (51, 52). During our forensic
investigation of the Wakayama case,
spontaneous cyanide production was
observed. A victim’s blood, stomach
contents, and curried rice samples
were sent to NRIPS as evidence sam-
ples. We were unable to detect a sig-
nificantly higher level of cyanide in
any of the evidence samples than the
background cyanide levels in blood
and commercially available curry. In-
stead, we detected a high level of ar-
senic in the curry samples.
To elucidate the cause of the dif-

ference in the detection results of the
Wakayama FSL and NRIPS, addi-
tional experiments were performed

to address the stability of cyanide in curry and also the detect -
ability of cyanide in curry and its ingredients, such as curry roux,
onion, potato, and meat. The ingredients were obtained from a
street vendor, and the same kind of meat that was used in the
Wakayama poisoning case was sent to NRIPS. The samples were
stored at 4 °C and analyzed for cyanide levels by HS-GC. We did
not detect any significant level of cyanide in the samples, but dur-
ing the cyanide stability experiments, gradual increases in the
cyanide concentration of two samples—the victim’s stomach
contents and the meat—were observed. 
We did not detect a clear increase in the cyanide concentra-

tions of the other samples during the 4 °C storage period. The
cyanide level of the stomach content sample, determined 6 days

FIGURE 3.Degradation of IBN in a coffee drink. 

The molar recovery values for IBN and its degradation products in a commer-
cial canned coffee drink adulterated with 7 mg/mL IBN and stored at 4 °C for
7 days are shown in parentheses (14).

MAR C H 1 ,  2 0 0 2  /  A N A LY T I C A L  C H EM I S T R Y 1 3 9 A

Wakayama police

 announced detect-

ing cyanide. How-

ever, 

the medical 

observations did 

not fit real cyanide



1 4 0 A AN A LY T I C A L  C H EM I S T R Y /  M A R C H 1 ,  2 0 0 2

after taking samples from the victim, was 198 ng/mL. Assays
performed 21 and 26 days later gave levels of 398 ng/mL and
974 ng/mL, respectively. The cyanide level of the meat was
measured 4 days after sending the sample to NRIPS and was
9.4 ng/g. Cyanide levels recorded after 17 and 19 days were
85 ng/g and 120 ng/g, respectively. Although it was not clear
whether cyanide had originally been present in the evidence
samples, as seen from our experiments, cyanide levels probably
increased during the 4 °C storage. The literature also points out
that blood cyanide levels can vary during storage (53). Thus, it
is desirable to freeze biological samples to prevent any “spon-
taneous” cyanide production.

Phase III: Cyanide production during analysis. Cyanide may
also be produced as an artifact during the assay’s extraction step.
One notable phenomenon is the formation of cyanide from thio-
cyanate in the presence of erythrocytes (33). Considerable varia-
tions in blood cyanide levels due to the oxidation of thiocyanate
have been reported (37, 54). The average values for nonsmokers
range between 3 and 75 ng/mL, and the average values for smok-
ers range between 9 and 180 ng/mL. The wide variation appears
to be due to differences in methodology rather than samples. 
To explain the formation of cyanide from thiocyanate, it has

been proposed that there is thiocyanate oxidase activity in blood
with a key role ascribed to hemoglobin (55, 56). However, this
activity is actually an artifact of the cyanide assay (49). In thio-
cyanate oxidase activity assay literature, the enzyme Hb3+ was re-
acted with the substrates, thiocyanate, and H2O2. After acidifi-
cation of the reaction mixture, the products, cyanide and sulfate,
were quantified (55). However, the unreacted residual H2O2 has
oxidative activity under strongly acidic conditions, and the pres-
ence of H2O2 alone explains the observed cyanide production.
To determine cyanide content, blood must first be acidified to

convert cyanide to volatile HCN. It is inevitable that some non-
specific oxidative reactions occur, resulting in either the degrada-
tion of an organic substrate or increased basal determinants of ox-
idative metabolites. This is mainly due to the extraordinarily high
levels of blood hemoglobin (~10 mM heme), which exists physio-
logically bound to dioxygen. Upon denaturation of the heme pro-
tein, a significant amount of oxidizing species is liberated. There-
fore, it is reasonable that acidifying oxyhemoglobin (Hb2+–O2)
causes considerable cyanide production from thiocyanate (49). 
Figure 4 illustrates a possible process for thiocyanate oxida-

tion after Hb2+–O2 denaturation is presented. A super-
oxide anion radical (O2

–) is fully liberated from Hb2+–O2
denaturation and partially liberated from anion-promot-
ed autoxidation. Although large fractions of O2

–—and/or
its conjugated acid •OOH under acidic conditions—are
eliminated by disproportionation and scavenger reactions,
the remaining O2

– and •OOH would oxidize thiocyanate.
Therefore, H2O2 produced via the dismutation of O2

– may
partially contribute to thiocyanate oxidation.
Interference by thiocyanate is an extremely serious issue

in the determination of physiological levels of blood cyan -
ide. Molar concentrations of blood thiocyanate in smokers
and nonsmokers are about 100-fold and 200-fold higher,
respectively, than their respective blood cyanide molar con-

centrations (37). In the case of chronic cyanide intoxication, it is
probable that significant amounts of thiocyanate would accumu-
late in the blood due to the body’s natural detoxification of
cyanide. 
Artifactual cyanide production can be suppressed by adding

active oxygen-scavenging reagents, such as ascorbic acid (49).
The HS-GC method described earlier combined with the use of
ascorbic acid enables the determination of physiological levels of
blood cyanide without any interference from thiocyanate (detec-
tion limit: ~1 ng/mL in blood) (56). For the blood samples
taken from healthy volunteers, cyanide levels measured in the
presence of ascorbic acid were only one-third of those measured
in the absence of ascorbic acid. Otherwise, a considerable part of
the cyanide concentration can be attributed to artifactual cyanide
formation from thiocyanate. The extent of this artifact was found
to be in proportion to the thiocyanate levels (54). 
Other examples of artifactual cyanide production during analy-

sis have been reported. Under acidic conditions, cyanide is pro-
duced from thiocyanate by certain oxidizing reagents such as ni-
trite and hydrogen peroxide in samples under storage or analysis
(49, 57, 58). The endogenous formation of cyanide occurs dur-
ing the distillation pretreatment process in the determination
of total cyanide, possibly from the reaction of nitrite and organic
compounds (59). Cyanide is also produced nonspecifically from
blood during heating (60). In addition, cyanide is produced from
ferrocyanide when a blood sample is treated under strong acidic
conditions (61).
Based on these studies, it is clear that there are several ways in

which false-positives for cyanide can arise. In particular, the fre-
quently used spectrophotometric König method suffers from se-
vere thiocyanate interference, and pretreatment and postmortem
alterations of samples can lead to cyanide artifacts. Solving these
problems is important because, when poisoning occurs, the rapid
and precise determination of the cause is essential for treating
the victims and solving the criminal investigations.
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FIGURE 4.Thiocyanate oxidation during oxyhemoglobin denaturation.
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