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Potentiometry for Cyanide Detection Applied to Fisheries Regulation
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SHORT COMMUNICATION

A B S T R A C T

 Illegal cyanide fishing is practiced by some fishers to capture agile and otherwise inaccessible reef 
fishes easily. Economic incentives had prevented discontinuation of the practice despite regulations present. 
Aside from the well-known toxicity of cyanide, it is a concern whether the fish is for ornamental purposes or 
human consumption that cyanide is being used because of the environmental damage it can cause by killing 
off non-target species. Currently, the cyanide content of fish is determined using an ion-selective electrode 
(ISE), with distillation as the mode of extraction of cyanide from tissues. This paper reports a modification of 
ASTM Method 500-CN-E, a method originally used to test for cyanide content in the wastewater. This paper 
outlines the process of determining the applicability of the method modification for analysis of fish tissue 
samples, in which no standard method was designed specifically for the matrix mentioned above. Although 
percent recoveries for cyanide at 0.05-10 mg/L range in spiked distilled water matrices are in line with the 
American Society of Testing and Materials (ASTM) results (90-105%), cyanide recoveries in spiked fish tissue 
matrices at the same concentration range are appreciably lower (~60-80%). For regulatory purposes, it serves 
as a temporarily acceptable method to detect cyanide-laden fish until a suitable method can be validated on 
international standards. However, to be accepted as a standard method, additional modifications may be 
needed or proven in inter-laboratory tests that the recovery of cyanide in fish is consistently low.
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Cyanide (CN-) is a toxin that targets key electron 
transport chain enzymes crucial for adenosine 
triphosphate (ATP) production by cells in their 

mitochondria (Beasley and Glass 1998). Manifestations 
of cyanide in fish, as observed by David et al. (2015), 
indicate fish exposed to lethal concentrations of 
sodium cyanide (NaCN) has produced the loss of 
coordination, causing irregular and jerky movements 
and tendency to sink towards the bottom, and the 
disruption of their schooling behavior.
 Calado et al. (2014) summarized the 
observations of Rubec et al. (2001) with regards to 
the common illicit practices of Indo-Pacific fishers as 
follows: Either potassium cyanide (KCN) or NaCN 
solids are dissolved in seawater and stored in squirt 
bottles for easy dispensing of cyanide to target fish. 
Then, reef fishes are targeted by squirting the bottle at 
short pulses within reef crevices, and after the fish is 

stunned, it is immediately captured and placed in CN- 
free seawater. Ecological concerns resulting from such 
practices include effects on untargeted species, such 
as losing the ability to avoid predation or death by 
poisoning. Coral death, especially, is a major concern 
due to its importance in maintaining a healthy marine 
ecosystem of that locality.
 Despite regulations in effect, cyanide use 
is still rampant due to its effectiveness, and surveys 
conducted by Vaz et al. (2017) of live reef fish exported 
to the European Union (EU) had observed that some 
of it was poisoned, evidenced by their secretions of 
thiocyanate (SCN-) ions. Indirect determination of 
cyanide poisoning through thiocyanate detection is 
based on the activity of an enzyme called rhodanese 
that converts CN- ions to SCN- ions through a transfer 
reaction between cyanide and thiosulfate (or any 
other suitable sulfur donor) (Baghshani and Aminlari 
2012).
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 The method currently used by the Bureau of 
Fisheries and Aquatic Resources’ (BFAR) numerous 
laboratory arms is an adaptation by the International 
Marinelife Alliance (IMA) and BFAR of ASTM Method 
500-CN-E, developed by the American Society of 
Testing and Materials (APHA-AWWA-WPCF 1992) 
originally for analysis of wastewater samples. The main 
focus of this study is to preliminarily demonstrate 
the analytical fitness of the modified ASTM Method 
500-CN-E to analyze fish samples for cyanide fishing 
monitoring in support of the implementation of 
Section 92 of RA 10654, or the amended Philippine 
Fisheries Code of 1998, which sanctions the use of 
noxious substances (including cyanide) to catch any 
fishery species in Philippine waters. In this adaptation, 
cyanide content in fish is determined through the 
acid distillation of specific internal organs, the liver, 
and gills. These organs were chosen because a study 
determined that cyanide accumulates in those organs 
due to high blood flow through them (Bellwood 1981).
 The samples used in this study are 
Plectropomus leopardus submitted through the 
National Fisheries Laboratory Division of BFAR that 
were kept in retention (i.e., stored in a freezer) after 
official analysis. After a prescribed 2-month retention 
period, the homogenized retained internal organs 
were used as the source of the fish tissue for the 
experiment. The body cavity is opened up by cutting 
either through the dorsal side or ventrally through 
the cloaca. The liver and gills were harvested and then 
homogenized collectively into a single bulk sample. 
This homogenized bulk sample was analyzed before 
any spiking to set a “blank” value that will be subtracted 
to the value obtained from the analysis of the spiked 
sample. From the single homogenized bulk, around 15 
g portions were spiked with different amounts of CN- 
(from KCN stock solution), specifically to make 0.05, 
0.1, 1, and 10 mg/kg CN- samples, to evaluate recovery 
at different concentrations. The spiked sample was 
then analyzed for cyanide using the method described 
below. The percent recovery is then assessed by 
comparing the amount of cyanide distilled out and 
cyanide spiked. Recovery tests were also carried out 
on a distilled-water-only matrix spiked with the same 
quantity of CN- as above to see if there was a matrix 
effect owing to biochemical molecules and to compare 
and verify the standard procedure, which used water 
as its original matrix.
 The spiked portions were weighed and 
homogenized with 100 mL water with a 2 mL 
ionic strength adjustor (10 M sodium hydroxide 
(NaOH)). The resulting homogenized material was 

then subjected to the distillation process and diluted 
with additional water until around ~500 mL total 
volume. The distillation process involves heating 
the homogenized sample under acidic conditions 
through a distillation setup. Figure 1 shows how 
the distillation apparatus is set up for cyanide acid 
distillation, consisting of customized Pyrex glassware 
and Azzota SHM-1000 heating mantle. The receiving 
flask was prepared by mixing 10 mL 1.0 M NaOH 
with 40 mL distilled water and adding a pinch of 
lead (II) carbonate (PbCO3). The following reagents 
were added sequentially with time (in parenthesis) 
between adding the next reagent to facilitate mixing: 
20 mL 510 g/L magnesium chloride hexahydrate (1 
min wait), 15 mL 130 g/L sulfamic acid (3 min wait), 
50 mL 1:1 concentrated sulfuric acid/water solution 
(start heating). The flask was heated for 60 minutes to 
ensure all bound CN- were converted to free CN- ions. 
The heat was then turned off, and the apparatus was 
set aside for 15 minutes. After that, the contents of the 
receiving flask were filtered with Whatman No. 1 filter 
paper into a 250 mL amber volumetric flask. The flask 
was then diluted to mark.
 Calibration standard solutions were prepared 
with 0.05, 0.1, 1, and 10 mg/L CN- concentrations by 
serial dilution from a 1000 mg/L stock solution to 
create a calibration curve. Each calibration standard's 
potential (in mV) was then measured using a LAQUA 
F-73 pH/ion meter, and a plot of mV vs log[CN-] was 
then constructed based on measured data. The slope 
of the plot is then evaluated; an acceptable slope, as 
specified in the manual of the OrionTM cyanide ISE 
used, is between -54 and -60. The fitness of the curve 
is evaluated through the coefficient of correlation (r2). 
Seven calibration trials were performed to assess the 
linearity of the method. The limit of quantification 
was also determined through 7 blank reagent 
measurements and was calculated according to 
Eurachem (2014).
 To assess the method's reproducibility in fish 
samples, the same procedure as the recovery test was 
also applied to two additional groups of three samples 
spiked with 0.05 mg/L CN- were analyzed. Each group 
was analyzed on different days from other groups, but 
each sample group was analyzed within the same day. 
Days were chosen so that the analyses occur at least 
a day apart to maximize variance in environmental 
conditions. The results were then evaluated using a 
one-way analysis of variance (ANOVA) to determine 
the method's reproducibility with varying laboratory 
conditions. The percent recoveries obtained in the 
collaborative studies published by APHA-AWWA-
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WPCF (1992) indicate that the method is appropriate 
for analysis of cyanide in water as the recoveries 
obtained in this study for water-only matrix (Figure 
2) are in line with those of the collaborative study 
and within the acceptable range (90-110%) for the 
concentration (0.05 mg/L to 10 mg/L). This verifies 
the standard method for this study and preliminarily 
demonstrates that the method can recover cyanide in 
the study conditions. Since the modified method only 
replaced the sample matrix used, it would mean that 
deviations in recovery would be primarily attributed 
to the change in the matrix rather than systematic 
errors.

 The reliability of the potentiometric ISE 
detection method set by the ASTM had been 
demonstrated by Ghosh et al. (2006) for aqueous 
solutions. The problem is then more rooted in cyanide 
recovery in fish tissue through distillation. Cytokinetics 
also play a significant role in the determination 
of cyanide due to various factors playing on the 

conversion of CN- to SCN- by the action of rhodanese. 
Leduc’s (1984) study on the conversion of hydrogen 
cyanide to SCN- shows an apparent dependency on 
the sulfur availability for an individual fish. Brown et. 
al (1995) had obtained in their study the pharmaco-
kinetics of the elimination of plasma SCN-, the first-
rate constant of 0.29 to 0.34 day-1, upon calculation 
would yield a half-life of around four days. There is also 
toxicokinetic evidence that the action of rhodanese 
is animal dependent, with human rhodanese being 
similar to rabbit rhodanese (Bhandari et al. 2014). 
While there was a study conducted by Baghshani 
and Aminlari (2012) regarding the interspecies 
dependency of rhodanese levels that demonstrated 
no apparent difference between cyprinid fishes, there 
were no further studies conducted that compared the 
differences between fishes of different families.
 Rubec et al. (2008) has mentioned other 
possible methods for detecting cyanide in fish 
applicable to monitoring purposes, such as GC-
MS (Murphy et al. 2006; Eaton 2009). Thiocyanate 
had been sought as the target marker for cyanide 
poisoning by some studies (Vinnakota et al. 2012; 
Vaz et al. 2017) due to being a by-product of cyanide 
detoxification. Plenty of methods exist for the 
detection of SCN- (Leduc 1984; Saussereau et al. 2007) 
that can be adapted to fish monitoring, but there is 
still a need to establish a definite relationship between 
CN- and SCN- concentration properly for quantitative 
measurement of CN- through interspecies comparison 
across different fish families and investigation of 
possible varying biochemical mechanisms in cyanide 
detoxification.

Figure 1. Cyanide distillation apparatus. Image lifted from 
Laboratory Sales & Service LLC’s (2009) site. (A) Inlet tube, (B) 
condenser jacket, (C) Cold finger condenser, (D) Dispersion tube, 
(E) Absorber tube, (F) 1,000 mL double-headed round bottom flask 
(D) connects to a vacuum pump through rubber tubing and the 
other two tubes in (C) are connected to a water reservoir to feed 
water into the condenser jacket. Not shown in the diagram is a 
heating mantle beneath (F).

Figure 2. Cyanide recovery in distilled water only matrix. Error 
bars represent the standard deviation of the three trials.
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 The recovery test for each corresponding 
amount of spiked cyanide was done in three trials on 
different days. Figure 3 shows the percent recovery of 
cyanide from spiked fish tissue using the distillation 
method. When dealing with minute analyte 
concentrations, especially at the mg/L concentration 
level, it is usually the case that recoveries are relatively 
low. AOAC International’s (2002) guidelines recognize 
this fact and the range of analytically-acceptable 
recovery limits increases as analyte concentration 
decreases. It is to note that at 0.1 mg/kg of analyte in 
a fish matrix, the recovery is below 50%, even though 
at 0.05 mg/kg analyte, the recovery is significantly 
higher than it. Matrix effects are evident due to overall 
lower recovery amounts in fish matrix compared to 
water-only matrix, which is given by the results of 
the verification analysis (i.e., the recovery analysis of 
water matrices) in Figure 3.

 Regarding the linearity and range of the 
calibration curves, an average r2 value of 0.9990 ± 
0.0006 was obtained from seven calibrations. The limit 
of quantification, determined through seven blank 
sample measurements, was at 0.039 mg/kg.
 Evaluation of the reproducibility data, shown 
in Figure 4, using ANOVA revealed a significant (p 
= 0.0484, confidence interval set at 95%) difference 
between the groups. Upon performing Tukey’s 
multiple comparisons test, comparing the Day 1 
group and Day 8 group show no significant difference 
(adjusted p = 0.1840) and between Day 8 and Day 12 
group (adjusted p = 0.5183). However, a comparison 
between the Day 1 and Day 12 groups revealed a 
significant difference (adjusted p = 0.0429).

 The recoveries obtained from fish matrices 
were lower than those of water matrices. This may 
be due to numerous interferants present in the fish 
tissue matrix. From the presentation of O.I. Analytical 
(2009) at the Pittsburgh Conference on Analytical 
Chemistry and Applied Spectroscopy, numerous 
chemical species have been identified as interferants 
in cyanide detection, with relevant interferants shown 
in Table 1.
 Sulfides, in particular, are heavily present in 
biological systems due to their role in defining key 
protein structures. They can be released in proteins 
as hydrogen sulfide (H2S) under strongly acidic 
conditions present in the distillation process. The issue 
of sulfide interferants was dealt with in the ASTM 
method using PbCO3. However, since the original 
method deals with water samples with significantly 
lower protein masses compared to the dissolved mass 
of animal tissue, it may be possible that the prescribed 
amount of PbCO3 is insufficient to sequester all of the 
produced H2S gas in the reaction flask. There is also a 
problem with the amount of PbCO3 being subjective 
because the required amount is a "pinch" of solid 
material (APHA-AWWA-WPCF 1992). Theoretically, 
the accuracy of the amount of PbCO3 dispensed into 
the absorber tube is not that crucial as it only needs 
to be in excess to precipitate all of the sulfides out 
of the absorber tube. Practically, however, too much 
carbonate can produce foams that may pose risks to 
the distillation setup integrity.
 Thiocyanates are also a significant interferant 
present in fish tissue samples, especially those exposed 
to cyanide and naturally-occurring cyanogenic 
compounds. This was an issue when fish samples 
submitted for monitoring processes were not killed 
immediately after assumed exposure to cyanide, as 
rhodanese can convert cyanides to thiocyanates while 
the fish is still alive. In the context of this experiment, 
though, it is improbable that rhodanese would still 
be functional after being subjected to relatively harsh 
conditions (i.e., below-freezing storage temperatures), 
and the thiocyanate already present in the stored fish 
tissue were already accounted for upon subtracting 
the initial cyanide content from the calculated spiked 
content.
 Although nitrates and nitrites can form 
oximes with some organic compounds, which 
decompose to cyanide under distillation conditions 
(EPA 2014), the addition of sulfamic acid neutralizes 
the nitrates and nitrites. Tissue specimens are also not 
expected to have significant concentrations of nitrates 
as high concentrations are toxic to most animals.

Figure 3. Cyanide recovery in the fish tissue matrix. Error bars 
represent the standard deviation of the three trials.
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 EPA (2014) noted that, possibly, free 
cyanide could combine with iron to form precipitable 
complexes under the distillation conditions or 
adhere to suspended solids. It may be a concern for 
this experiment as it is expected that there will be 
high amounts of suspended solid and iron, from fish 
hemoglobin, in the sample upon acid reflux. It is not 
possible to perform the alkaline extraction method 
suggested by EPA (2014), as most of the cyanide is 
not superficial and is most likely be within the tissue 
matrix, along with blood. The best possible way to 

Table 1. Pertinent interferants for the analysis of cyanide content (lifted from O.I. Analytical (2009))

Interferant Description of Interference/Action

Oxidizers Oxidizes cyanide into cyanogen

Sulfide Reacts with cyanide to form thiosulfate, detected as 
CN- in ISE

Sulfite/sulfur dioxide
Thiosulfate
Thiocyanate
Carbonate

Reacts with cyanide
Decomposes to sulfur dioxide
Decomposes to sulfur dioxide

Excessive foaming and possible violent release of 
carbon dioxide

Misc. Organics + Nitrate or Nitrile Decompose to form cyanide

Thiocyanate + Nitrate or nitrile Decompose to form cyanide

minimize this interference is to exclude blood from 
the sample as much as possible.
 In comparison with other methods used 
for determining cyanide poisoning in fish (Table 2), 
the method offers a direct determination of cyanide, 
in which biomarkers such as thiocyanate may 
not be able to consistently determine if a fish was 
exposed to cyanide due to lack of understanding of 
detoxification mechanisms between fish species. Also, 
it may be valuable for developing countries that need 
to monitor the use of cyanide in ornamental fishes 

Method Advantages Disadvantages

Modified ASTM Method 500-CN-
E  (method used in this study)

Direct determination of cyanide Sample is destroyed
Relatively inexpensive to perform Low recovery

Low sample throughput

Thiocyanate determination 
(various detection methods)

High half-life in some species (Vaz 
et al. 2012)

Needs understanding of 
biochemistry of various fish 

species as consistency cannot 
be established to be used as a 

standard method to determine 
cyanide poisoning (Breen et al. 

2018)

Validated in similar matrices, such 
as plasma (Murphy et al. 2006)

Requires relatively advanced 
and expensive instrumentation 

(e.g., chromatography with mass 
spectrometry detection)

Non-destructive, can analyze 
excretions and/or plasma

Soundararajan method* (Rubec 
and Soundararajan 1991) Easy and inexpensive to perform Highly inaccurate due to matrix 

effects (Rubec et al. 2008)

Table 2. Comparison of methods used for cyanide detection in fish
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as it is inexpensive to perform compared to other 
methods, but provides more accuracy than previous 
methods such as the Soundararajan method (Rubec 
and Soundararajan 1991) due to the addition of the 
distillation step. While there is no regulatory limit set 
by Fisheries Administrative Orders from the BFAR for 
cyanide that is specific for fish samples, a fish sample 
was likely poisoned with cyanide if the concentration 
in the tissues exceeds the limit set by the Department 
of Environment and Natural Resources (DENR) for 
effluent water (0.20 mg/L) (DENR 2016). This limit is 
within this method's identified useful range (0.039 to 
10 mg/kg).
 The within laboratory precision seems to be 
poor, with the recovery rate progressively decreasing 
with repeated measures. Although Day 8 recovery 
rates have no significant difference with the Day 1 
group, the higher standard deviation and lower mean 
value suggest a worsening trend. By Day 12, there is 
a significant reduction of the recovery rate compared 
to the Day 1 group. It was not intended to study any 
time factor in this study, but it is suspected that the 
sample is possibly degraded. Although this has yet to 
be confirmed by us through more rigorous testing, 
residual cyanide in the sample prior to spiking (from 
background sources) might have been degraded over 
time, reflecting upon measuring the sample's cyanide 
content. In the context of analytical measurements, 
this would mean that analyzing the sample within 
1-2 days of sampling would be recommended, based 
on the recovery data to minimize degradation of the 
cyanide that is possibly in the sample, as there is an 
apparent decrease of 3-4% in recovery per day based 
on these results.
 The method, as is, was demonstrated to be 
effective in the laboratory setting based on the results 
of the verification experiment with the water matrix 
(Figure 2). However, the method shows some problems 
when dealing with fish tissue matrices. Due to the 
complexity of biological samples, there are numerous 
possibilities of interferences in the analysis. Further 
modifications to the method may be necessary to 
achieve better recovery rates. However, further study 
on the nature of the unexpected interferences and 
interactions resulting from the distillation conditions 
is needed to refine the method. Comparison with 
other laboratories is recommended to determine 
if the low recoveries in the obtained fish matrix are 
reproducible.
 In terms of detecting cyanide-laden fish, it is 
an acceptable method as it can recover a very significant 
amount (more than 50%) of cyanide from the tissue 

matrix, albeit not in amounts that make it acceptable 
by AOAC standards. For regulatory purposes, this 
modified method would suffice as there is currently 
no method standardized by any scientific organization 
concerning analytical chemistry to determine cyanide 
in fish tissue, as also noted by Breen et al. (2018), even 
considering the methods for indirect determination 
through thiocyanate analysis. However, the method's 
limitations should be noted when used in fish samples, 
particularly its time-dependency as cyanide in fish 
may decay rapidly due to biological actions. Despite 
the results not fitting the criteria established by major 
analytical bodies such as the ASTM or AOAC, this is 
a step for developing such a method. We hope that 
inter-laboratory studies can be arranged to validate 
further the method through collaboration.
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