
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Environmental Analytical Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455

False Detection of Cyanide Ion in Photographic Processing Waste Solutions
Using Standardized Reference Methods
Makoto Nonomuraa; Fumio Nakagawab; Shinya Mizusawac; Takashi Ohnoc; Hiroyuki Kobayashic;
Toshiyuki Hobod

a Department of Chemistry, Tokyo Metropolitan Industrial Technology Center, Kita-ku, Tokyo, Japan b

Department of Environmental Control, Fuji Photo Film Co., Ltd., Minato-ku, Tokyo, Japan c

Department of Image Science and Engineering, Faculty of Engineering, Chiba University, Chiba, Japan
d Department of Industrial Chemistry, Faculty of Technology, Tokyo Metropolitan University,
Setagaya-ku, Tokyo, Japan

To cite this Article Nonomura, Makoto , Nakagawa, Fumio , Mizusawa, Shinya , Ohno, Takashi , Kobayashi, Hiroyuki and
Hobo, Toshiyuki(1990) 'False Detection of Cyanide Ion in Photographic Processing Waste Solutions Using Standardized
Reference Methods', International Journal of Environmental Analytical Chemistry, 39: 4, 371 — 379
To link to this Article: DOI: 10.1080/03067319008030509
URL: http://dx.doi.org/10.1080/03067319008030509

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067319008030509
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Inrrm. J .  Enrimn. Anal. Chum.. Vol. 39. pp. 371-379 
Reprints available dircclly from the publisher 
Photocopying permitted by license only 

((‘8 1990 Gordon and Breach. Science Publishers. Inc. 
Printed in the United Kingdom 

FALSE DETECTION OF CYANIDE ION IN 
PHOTOGRAPHIC PROCESSING WASTE 

SOLUTIONS USING STANDARDIZED REFERENCE 
METHODS 

MAKOTO NONOMURA 

Depurttnent of Chemis t rji,  Tokyo Metropolit an Industrial Technology Center, 
13-10. Nishigaoka 3-Chome, Kita-ku, Tokyo, 115, Japan 

FUhllO NAKAGAWA 

Department qf  Enaironmentul Control, Fuji Photo Film Co.,  L t d ,  26-30, Nishiazuhu 
2-Chome, Minuto-ku, Tokyo, 106, Japan 

SHINYA MIZUSAWA, TAKASHI O H N O  and HIROYUKI KOBAYASHI 

Department of Image Science and Engineering, Faculty of Engineering, Chiba 
University, 1-33 Yuwicho, Chiha, 260, Japan 

TOSHIYUKI HOBO 

Department of’ Industrial Chemistry, Faculty of Technology, Tokyo Metropolitan 
Uniuersity, 1-1, Fukusuwa 2-Chrome, Setaguyu-ku, Tokyo. 158, Jupan 

(Receiiled 17 Noiwiher 1Y8Y) 

Although cyanide compounds are not incorporated in photographic processing solutions, false 
detection of cyanide ion is often encountered during the determination of total cyanide by various 
standardized methods such as  ISO. ANSI and JIS. Various organic compounds and nitrogen 
compounds in the processing solutions were examined because of this false detection. The results 
suggest that hydrogen cyanide is formed by a reaction between these compounds during the distillation 
process for the separation of total cyanide, even though ISO, ANSI and JIS were used. The results 
support the following three mechanisms of cyanide formation involved in the process: ( I )  Hydroxyl- 
ammonium salts reacts with another ingredient, formaldehyde. to form formaldoxime. which then 
decomposes to HCN. (2)  Mydroxylammonium is oxidized by air to form nitrite ion. which subsequently 
reacts with organic compounds such as aminocarboxylic acids and aromajic amines (the colour- 
developing agent) to form HCN. (3)  Potassium permanganate oxidizes aromatic amines to form HCN. 

K E Y  WORDS: Cyanide formation. photographic waste solution, KO, ANSI, JIS. 

INTRODUCTION 

The testing method for cyanide compounds in photographic effluent was issued by 
the American National Standard Institute (ANSI).’ Several standard methods such 
as the International Standard Organization (ISO) methods,2 the Standard 
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312 M. NONOMURA ET AL. 

Methods,’ the Japanese Industrial Standard (JIS)? etc. are used for the determi- 
nation of total cyanide in waste solutions after photographic processing. 

Although cyanide compounds are not incorporated in photographic processing 
solutions, false detection of cyanide ion is often encountered during the determi- 
nation of total cyanide. Since various kinds of organic compounds and nitrogen 
compounds are incorporated in photographic processing solutions, hydrogen 
cyanide (HCN) is apparently being formed by the reaction of these compounds 
during the distillation process. 

Previously, one of the authors reported that cyanide ions have been detected in 
wastewater discharged from various factories that do not handle any cyanide 
 compound^.^ Furthermore, the effects of various organic compounds and nitrogen 
compounds on the formation of HCN and the pertinent mechanism were 
reported.6 A pretreatment method for the determination of total cyanide has also 
been published.’ 

This paper describes the effects of organic compounds and nitrogen compounds 
on the formation of cyanide ion within a photographic processing waste solution 
during analytical processing and a discussion of the probable mechanism. 

EXPERIMENTAL METHODS 

Apparatus and Reagents 

Apparatus and reagents have been previously reported except for the following:’ 
The distillation apparatus indicated in the ISO.’ ANSI’ and JIS4 method, as used 
for the separation of total cyanide. All chemicals used were of the highest grade 
commercially available. 

Procedure 

The total cyanide determination procedure is based on the ISO,’ ANSI’ and JIS4 
methods. In order to investigate the effects of organic compounds and nitrogen 
compounds (i.e., included in the photographic processing solutions) on cyanide 
formation, 1 mmol of the test compound was added to the solution (ca. 250ml) to 
be distilled together with 1 mmol hydroxylammonium sulfate or sodium nitrite. 
The compounds tested were EDTA, formaldehyde and aromatic amines. Likewise, 
the formation of HCN from 1 mmol organic compounds and 0.2mmol potassium 
permanganate was examined. 

The distillation procedure for total cyanide was basically the same as that 
described in standard methods. The cyanide ion in the distillate was determined by 
the pyridine-pyrazolone m e t h ~ d . ~  In addition, the presence of cyanide ion was 
confirmed by ion chromatography.’ 

RESULTS AND DISCUSSION 

Reaction Between Hydroxylammonium Sulfate and Organic Compounds 

The list of ingredients and the range of concentrations in typical colour negative 
and paper processing solutions are presented in Table 1. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



FALSE DETECTION O F  CYANIDE ION 373 

Table I Typical components in photographic processing solution 

Comoonenf 

Colour developing agent A 
Colour developing agent B 
Water softener 
EDTA . Fe(lll). NH, complex 
Formaldehyde (3773 
Diethylene glycol 
Benzyl alcohol 
Sodium hydroquinone monosulfonic acid 
Potassium carbonate 
Potassium phosphate 
Fluorescence bleaching agent 
Ammonium thiosulfate 
Sodium sulfite 
Tin(l1) chloride 
Ammonium bromide 
Ammonium nitrate 
Aqueous ammonia (28 yo) 
Hvdroxvlammonium sulfate 

Concentration ( g / l )  

0.2-0.6 
0.5-1.3 

0.1-3.5 
15-25 
0-0.25 
0-3.5 
0-3.5 
0-0. 5 

1&14 
0-0.6 

0.1-0.4 
15-28 

2.5-5.5 
trace 
13-19 

0.5-1.5 
0-1.4 
0-0.9 

Table 2 Formation of hydrogen cyanide by the reaction of various organic 
compounds and hydroxylammonium sulfate 

Organic compound" H C N formed (jig) 

J I S  I S 0  A N S I  

EDTA 
EDTA Fe(ll1). NH, 
NTA 
Diethylene glycol 
Benzyl alcohol 
Acetic acid 
Formaldehyde 
p-Phenylenediamine. 2HCI 
N, N-Diethyl-p-phenylenediamine '2HCl 
CD-2 
CD-3 

1 .o 3.2 
22.2 12.2 
2.2 7.1 

<0.5 <0.5 
<0.5 <0.5 
<0.5 <0.5 
25.3 463 

~ 0 . 5  <0.5 
<0.5 <0.5 
<0.5 <0.5 
<0.5 0.7 

~~ 

'Organic compound, I mmol: INH,0H12S0, .  I mmol: detection limit OSpg as HCN 

23.3 
41.1 
10.8 

< 0.5 
<0.5 
<0.5 
673 
< 0.5 

I .6 
<0.5 
<0.5 

Nitrogen compounds such as hydroxylammonium sulfate and ammonium 
nitrate, and organic compounds such as EDTA, diethylene glycol, benzyl alcohol, 
formaldehyde, and aromatic amines (the colour developing agent) are present in 
photographic processing solutions. The effects of these reagents on cyanide 
formation were examined using the three standard methods. The results are 
presented in Table 2. 

A small amount of HCN was formed from aminocarboxylic acids such as 
EDTA and NTA in the three standard methods. Increased formation of HCN 
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374 M. NONOMURA ET AL. 

Table 3 Formation of hydrogen cyanide by the reaction of various organic 
compounds and sodium nitrite 

Orgnnic compound" HCN formed ( ~ g ) ~  

J I S  I S 0  A N S l  
~ 

~~~~ ~ 

EDTA I21 0.7 15.1 
EDTA.Fe(lll).NH, 15.4 1.2 2.6 
NTA 50. I 0.5 3.0 
Diethylene glycol <0.5 <0.5 ~ 0 . 5  
Benzyl alcohol <0.5 ~ 0 . 5  <0.5 
Acetic acid <0.5 <0.5 <0.5 
Formaldehyde <0Sb  15.2 <0.5 
p-Phenylenediamine .2HCI 11 .7~  0.9 1.9 
N, N-Diethyl-p-phenylenediamine .2HCI 2 2 . 8 ~  1 . 1  136 
CD-2 6 . 0 ~  <0.5 16.6 
CD-3 3 . 2 ~  <0.5 27.0 

'Orynnic compound. I mmol: NaNO,. I mmol; detection limit: OSpg us HCN. 
hh. turbid c. light brown. 

from EDTA * Fe(II1) * NH, was observed. This result suggested that hydroxyl- 
ammonium sulfate is oxidized by Fe(II1). 

Hydrogen cyanide was not formed from diethylene glycol, benzyl alcohol, acetic 
acid, aromatic amines or the colour developing agents (CD-2, CD-3). On the other 
hand, sizable levels of HCN were formed from formaldehyde. Owerbach' reported 
that formaldoxime salt, which is formed from formaldehyde and hydroxyl- 
ammonium salt, is decomposed to yield HCN during distillation. 

Reaction Between Sodium Nitrite und Organic Compounds 

I t  is known that cyanide ion is formed by a reaction between sodium nitrite and 
organic compounds."-" Our concern is whether cyanide ion is formed in the 
presence of sodium nitrite and photographic processing solutions. The results 
obtained by the three standard methods are presented in Table 3. 

Hydrogen cyanide was not formed from diethylene glycol, benzyl alcohol or 
acetic acid. On the other hand, HCN was formed from EDTA, 
EDTA . Fe(1II). NH4, NTA, aromatic amines and the colour developing agents by 
the reaction with sodium nitrite, even though the three standard methods were 
used. When the IS0 method was used, decreased formation of HCN was observed 
as compared with the other two standard methods. However, increased formation 
of HCN from formaldehyde was observed. This was due to the fact that nitrite ion 
was reduced to hydroxylammonium by tin( 11) chloride. 

When the JIS method was used, the distillate had a light brown colour. This 
coloration may induce a positive error in the absorbance measurement." 

Air Oxidation of Hydroxylammonium 

Hydroxylammonium sulfate is also one of the ingredients of the colour developing 
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FALSE DETECTION OF CYANIDE ION 375 

Aeration, hr 

Figure I 
A: hydroxylammonium sulfate (Zg/l,pH 3.9); 0: ammonium nitrate (IOg/l,pH 8.3). 

Formation of nitrite ion by air oxidation; 0: hydroxylammonium sulfate (2g/l, pH 11.0); 

s~ lu t ions . ' ~  HaistL3 reported that it is unstable in alkaline solution and decom- 
poses as follows: 

Nichols14 and James,' '* '' however, reported that nitrogen or nitrous oxides are 
formed by the reaction between hydroxylammonium and silver halides: 

2NH20H +2AgBr+2Ag+ N, +2l!Br + 2 H 2 0  (2) 

2NHzOH +4AgBr+4Ag+N2O +4HBr + H,O. (3) 

Hughes" and Moews" also reported that nitrous acid and nitrous oxide were 
formed by air oxidation of hydroxylammonium. 

In order to clarify the formation of nitrite ion from nitrogen compounds, 
hydroxylammonium and ammonium nitrate were oxidized by air. The air flow rate 
was 1 I/min and nitrite ion was determined by the I-naphthylamine colorimetric 
method." The results are shown in Figure 1. In alkaline solution, hydroxyl- 
ammonium is oxidized by air to give nitrite ion. On the other hand, the amount 
was small in the acidic solution. Nitrogen oxide disappeared because of aeration in 
the acidic solution. Furthermore, nitrite ion was not detected in the case of 
ammonium nitrate. 

Ion chromatographic analyses using an anion separator column (HPIC-AS4A), 
and UV/VIS and conductivity detectors, were performed after hydroxylammonium 
sulfate had been oxidized with air for 3 hours. The results are shown in Figure 2. 
They indicate that nitrite ion is formed by the following air oxidation of 
hydroxylammonium sulfate: 
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316 M. NONOMURA ET AL. 

0 5 10 15 
Retention time,min 

Figure 2 Ion chromatographic analyses after air oxidation of hydroxylammonium. Apparatus: Dio- 
nex 2010i. Column: HPIC-AS4A. Eluent: 1.OmM NaHCO, + 1 mM Na2C0, .  Detector: Conductivity 
(fs;30mS). UVjVlS (0.16aufs). Hydroxylammonium sulfate (2 g/l, pH 11.0). Five-fold dilution after 
aeration for 3 hours. 

2 N H 2 0 H + 0 2 + N 2 0 + 3 H 2 0  

Reuction Between Potassium Permanganate and Organic Compounds 

Sulfur dioxide is formed during the distillation of total cyanide and it interferes 
with the determination of cyanide ion, because reducing agents such as sodium 
sulfite and ammonium thiosulfate are incorporated in the photographic processing 
waste solution. It is therefore necessary that the distillation process is repeated 
after the first distillate has been treated with potassium ~ermanganate .~  

In order to clarify the possibility of HCN formation through the reaction of 
potassium permanganate with the organic ingredients, the reaction between 
potassium permanganate and organic compounds in a photographic processing 
solution was examined. The results obtained by the standard methods are 
presented in Table 4. 

The aromatic amines react with potassium permanganate to form HCN. 
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FALSE DETECTION OF CYANIDE ION 371 

Table 4 Formation of hydrogen cyanide by the reaction of various organic 
compounds and potassium permanganate 

Organic compound" H C N  ,formed (pg)  

J I S  I S 0  ANSI 

EDTA < 0.5 6.3 1.5 
EDTA . Fe( 111) .NH, 2.3 6.7 2.4 
NTA < 0.5 1.4 5.6 
Diethylene glycol <0.5 <0.5 <0.5 
Benzyl alcohol <0.5 <0.5 <0.5 
Acetic acid <0.5 <0.5 <0.5 
Formaldehyde <0.5 <0.5" <0.5b 
p-Phenylenediamine . 2HCI 46.8 29.3 33.4 
N, N-Diethyl-p-phenylenediamine '2HCI 32.0 6.6 27.8 
CD-2 74.4 82.9 55.0 
CD-3 17.4 23.9 26.5 

'Organic compound, I mmol: KMnO,. 0.2mmol: detection limit: 0.5pp as HCN. 
'I u rhid 

Therefore, it is expected that HCN will be formed from the distilled aromatic 
amines during redistillation in the presence of an excess of potassium 
permanganate. 

Small amounts of HCN were formed from organic compounds such as 
aminocarboxylic acids. However, almost no HCN was formed from formaldehyde, 
diethylene glycol and other such compounds. 

Formation Mechanism of Hydrogen Cyanide 

The formation mechanism of HCN from photographic processing waste solutions 
during analytical processing can be summarized as follows. 

I ) Reaction between Hydroxylammonium and Formaldehyde 

As Owerbach' has already reported, hydroxylammonium salt reacts with formal- 
dehyde to form formaldoxime, which then decomposes to give HCN during 
distillation: 

NH20H+HCHO+HCH=NOH+H20+HCN+2H20 ( 6)  

2) Reaction between Nitrous acid and organic compounds 

Hydroxylammonium in the photographic processing solution is oxidized by air to 
form nitrous acid: 
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378 M. NONOMURA ET AL. 

Nitrous acid reacts with aminocarboxylic acids and aromatic amines to give 
HCN: 

R(NH2)COOH + HNO,+R(NO)(NH,)COOH +HCN (9) 

Ar-NH, + HNO,+Ar-N=N-OH + H,O+HCN. (10) 

3 )  Reaction between Potassium Permanganate and aromatic amines 

Aromatic amines also react with potassium permanganate to form HCN during 
distillation. In addition, the diazonium salt formed by the reaction of the aromatic 
amine and nitrous acid is oxidized by potassium permanganate to give HCN: 

Ar-NH, + KMnO,+HCN (1  1) 

or 

Ar-NH, +HNO,+Ar-N=N-OH +H,O (12) 

Ar-N=N-OH +KMnO,+HCN. (13) 

Therefore, HCN formation during the distillation of the processing waste 
solution is induced by any of the reactions already mentioned. 
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