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The generation of cyanide ions by the reaction
of pharmaceuticals containing nitrogen with sodium
hypochlorite was examined using 20 different com-
pounds. The generation of cyanide ions was ob-
served in hexamine (hexamethylenetetramine), losar-
tan potassium, metronidazole, and allopurinol. The
largest generation was observed in hexamine. In
both hexamine and losartan potassium, the amount
of cyanide ion formed increased to a maximum at 45–
60 min. The generation of cyanide ions was attributed
to the formation of nitroso product by oxidizing ac-
tion of sodium hypochlorite.
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INTRODUCTION

Natural waters almost never contain detectable
concentrations of cyanide ion, and so any amount
found in water supplies is considered to be the re-
sult of man-made contamination. Even though the
amount is small, the presence of cyanide ions in en-
vironmental water cannot be disregarded because of
its high toxicity.1–3)

Pharmaceuticals are chemicals used for diag-
nosis, cure, mitigation or prevention of disease.
Such drugs are used in large quantities in human.
Many studies have now been conducted which show
that drugs and their metabolites are widely dis-
tributed in surface waters.4–8) The drugs detected
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in the environment were predominantly applied in
human medicine.6) Free chlorine has been widely
used as a disinfectant for urban wastewater treat-
ment.9, 10) Treated water supplies may, in addition,
contain species of higher oxidation states such as
hypochlorous acid and hypochlorites, chloramines,
and chlorine dioxide.11) Sawamura et al.12) demon-
strated that hypochlorite reacts with amino acids
to produce cyanide in aquatic environment. We
predict that cyanide ion is generated by the reac-
tion of pharmaceuticals containing nitrogen with
sodium hypochlorite in water. Therefore, we tried
to carry out fundamental research on the generation
of cyanide ion in water on the laboratory scale.

No the generation studies of cyanide ion by
the reaction of pharmaceuticals containing nitrogen
with sodium hypochlorite in water have been re-
ported. According to our knowledge, this is the first
report on pharmaceuticals. The results are reported
herein.

MATERIAL AND METHODS

Materials —— Hexamine, acyclovir, allopurinol,
bicalutamide, cimetidine, dantrolene sodium, dro-
peridol, domperidone, dacarbazine, glimepiride,
lansoprrazole, losartan potassium, lysozyme, mi-
conazole nitrate, metronidazole, midazolam, nap-
hazoline hydrochloride, phenytoin, pimozide and
sodium hypochlorite solution of practical grade
were purchased from Wako Pure Chemical Indus-
tries Ltd. (Osaka, Japan). Rice bran was purchased
at a local market.
Procedure —— An aliquot (100 ml) of sample
solution including pharmaceuticals (0.5× 10−5–
8.6× 10−5 M) was placed in a 200 ml glass stop-
pered Erlenmeyer flask, to which sodium hypochlo-
rite solution (0.2× 10−4–3.8× 10−4 M) was added,
and the solution was reacted at room tempera-
ture. After 15–120 min of reaction, rice bran (1 g)
was added to stop the reaction. We have previ-
ously reported that sodium hypochlorite is decom-
posed rapidly by direct reaction with rice bran.13)

After 10 min, the reaction mixture was filtered
through filter paper to remove the rice bran. The
concentration of cyanide ions in water samples
was assayed by spectrophotometry using pyridine-
pyrazolone reagents after distillation according
to the testing method for industrial waste wa-
ter described in JIS (Japanese Industrial Standard)
K 0102 (1986).14)
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Table 1. Generation of Cyanide Ions from Pharmaceuticals Containing Nitrogen
by Sodium Hypochlorite

Pharmaceuticals Concentration of Cyanide ion formed
pharmaceuticals (M) (mg/l)

Hexamine 6.5× 10−5 0.97
Losartan potassium 6.5× 10−5 0.65
Allopurinol 6.5× 10−5 0.02
Metronidazole 6.5× 10−5 0.01
Dacarbazine 6.5× 10−5 –
Acyclovir 6.5× 10−5 –
Bicalutamide 6.5× 10−5 –
Cimetidine 6.5× 10−5 –
Clonidine hydrochloride 6.5× 10−5 –
Droperidol 6.5× 10−5 –
Domperidone 6.5× 10−5 –
Dacarbazine 6.5× 10−5 –
Glimepiride 6.5× 10−5 –
Lansoprrazole 6.5× 10−5 –
Lysozyme 6.5× 10−5 –
Miconazole nitrate 6.5× 10−5 –
Midazolam 6.5× 10−5 –
Naphazoline hydrochloride 6.5× 10−5 –
Phenytoin 6.5× 10−5 –
Pimozide 6.5× 10−5 –

RESULTS AND DISCUSSION

The generation of cyanide ions by the reac-
tion of pharmaceuticals containing nitrogen with
sodium hypochlorite was examined using 20 differ-
ent compounds (Table 1). We chose these 20 com-
pounds containing nitrogen from the handbook for
new pharmaceuticals.15) The generation of cyanide
ions was observed in hexamine (hexamethylenete-
tramine), losartan potassium, metronidazole, dacar-
bazine and allopurinol.

The largest generation was observed in hex-
amine, followed by losartan potassium. From the
above experiments, cyanide ion generation was fur-
ther investigated with variation in reaction time
and concentration of pharmaceuticals and sodium
hypochlorite using hexamine and losartan potas-
sium.

Figure 1 shows the time–courses of the gener-
ation of cyanide ion by the reaction of hexamine
or losartan potassium with sodium hypochlorite. In
hexamine, the amount of cyanide ion formed in-
creased to a maximum at 45–60 min before decreas-
ing. An increase of the reaction time from 75 to
120 min reduced the concentration from 0.8 mg/l to
about 0.65 mg/l. In losartan potassium, the amount
of cyanide ion formed increased to a maximum at

Fig. 1. Effect of Reaction Time on the Generation of Cyanide
Ions by the Reaction of Hexamine or Losartan Potas-
sium with Sodium Hypochlorite

Data represent the mean± S.D. of three separate experiments.
Hexamine: 5.7× 10−5 M, Losartan potassium: 6.6× 10−5 M, Sodium
hypochlorite: 1.34× 10−4 M.

45–60 min as similar to that of hexamine. The ef-
fects of the amount of hexamine or losartan potas-
sium on the generation of cyanide ion was investi-
gated. As shown in Fig. 2, cyanide ion concentra-
tion increased in proportion to the amount of hex-
amine or losartan potassium.

Figure 3 shows the effect of the amount of
sodium hypochlorite on the generation of cyanide
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Fig. 2. Effect of Hexamine or Losartan Potassium on the Gen-
eration of Cyanide Ions

Data represent the mean±S.D. of three separate experiments.
Sodium hypochlorite: 1.34× 10−4 M, Reaction time: 45 min.

Fig. 3. Effect of Sodium Hypochlorite on the Generation of
Cyanide Ions

Data represent the mean±S.D. of three separate experiments.
Hexamine: 5.7× 10−5 M, Losartan potassium: 6.6× 10−5 M, Reaction
time: 45 min.

ion using hexamine or losartan potassium at a re-
action time of 45 min. The amount of cyanide
ion formed increased to a maximum of 0.8 mg/l at
the range of 1.3× 10−4 to 1.8× 10−4 M of sodium
hypochlorite and then decreased to 0.1 mg/l at
2.3× 10−4 M of sodium hypochlorite. The decrease
rate for concentrations above 1.8× 10−4 M was very
fast. In losartan potassium, the amount of cyanide
ion formed increased to a maximum of 0.6 mg/l at
the range of 1.0× 10−4 to 1.4× 10−4 M of sodium
hypochlorite and then reduced markedly to below
0.1 mg/l.

The mechanism of the generation of cyanide
ions was inferred as follows. The generation of
cyanide ions was attributed to “Strecker degrada-
tion,”16) i.e., the formation of nitroso product by ox-
idizing action of sodium hypochlorite.
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