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A B S T R A C T

Malachite Green (MG) has a worldwide application in aquaculture as a therapeutic agent; however, its use in
food producing animals is illegal, due to potential carcinogenicity and persistence of residues. This pilot study,
the first conducted in Armenia, aimed to determine the concentration of MG residues in flesh of fish grown in
artificial ponds of Armenia and conduct dietary exposure assessment to characterize possible health risks to
consumers.
Detection of MG residues, including the major metabolite leucomalachite, was carried out in 29 fish com-

posite samples by ELISA. The results were confirmed by LC-MS/MS. To determine fish consumption values, a
food frequency questionnaire was used. Possible health risks were evaluated by calculating the Margin of
Exposure (MOE) based on BMDL of 13 (neoplastic effects) and 6 (non-neoplastic effects) mg/kg bw.
In 34.5% of the investigated fish samples MG residues exceeded the minimum required performance limit. For

BMDL10 and BMDL0.5, the MOEs ranged 3.36E+06–3.37E+07 and 1.55E+06–1.55E+07, respectively. The
MOE for neoplastic effects was more than 10,000 and for non-neoplastic effects was more than 100. The results
do not indicate public health concerns. However, the results highlight issues concerning the illegal use of MG in
Armenian aquaculture, which deserves further attention.

1. Introduction

Aquaculture is the fastest-growing sector producing food of animal
origin: it accounts for approximately 47% of global fish production. By
meeting the increasing protein needs, aquaculture contributes greatly
to global food security, nutrition, and in some countries to economic
development and government revenue (FAO, 2018). In Armenia, cli-
mate and natural resources as well as the high drive for international
trade favor the aquaculture, making it one of the dynamically devel-
oping sectors in the country. During the last 5 years the sector experi-
enced 21% growth and with its current production capacity of 17,000
tons/year, it has a potential to produce 300,000 tons of fish/year
(Gabrielyan, 2015). The most valuable types of fish include species
from Salmonidae and Acipenseridae, forming the highest production
proportion (70%) (FAO, 2018). Being highly traded in Russian Fed-
eration and in other countries, approximately 20–30% of Armenian
aquaculture fish is exported, while the rest is consumed locally

(Ministry of the Economy of RA, 2019). However, the export to the EU
is still a problem, since the Armenian aquaculture industry lacks proper
monitoring arrangements to control the levels of residues and con-
taminants in fishery products which are mandatory according to the EU
Regulation (EC) No. 854/2004 of the European Parliament and of the
Council (FAO, 2011).

Although fish aquaculture has a tendency to grow, it is still vul-
nerable to various infectious diseases which can damage the pro-
ductivity of aquaculture farms and increase fish mortality (Bardon-
Albaret et al., 2016). To combat these diseases and to improve fish
farming, antimicrobials and antiparasitic substances, such as Malachite
Green (MG) are applied (Serra Compte et al., 2017; Stolker and
Brinkman, 2005; Adel et al., 2017). MG ([4-[[4-(dimethylamino)
phenyl]-phenylmethylidene] cyclohexa-2,5-dien-1-ylidene]) is a cationic
dye which has a worldwide application in aquaculture as a therapeutic
agent against fungal and protozoan infections. It is given through dif-
ferent routes such as feed, water immersion or injection. MG is known
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for its low cost, high effectiveness and large availability. The applica-
tion of MG is concerning from the point of health risk as the treatment
results in residues of MG and its colorless derivative leucomalachite
green (LMG) (4-[[4-(dimethylamino) phenyl]-phenylmethyl]-N, N-di-
methylaniline) in fish flesh (Culp et al., 2006). In fish, MG may enter
through the gills and deposit in edible tissues; the parent compound is
excreted with an elimination half-life in muscle mainly in the 2–4 day
range (depending also on water temperature), while LMG may remain
in edible tissues for a long time due to a very slow excretion rate. MG
has been shown to induce the formation of reactive oxygen species
(ROS) which can cause DNA damage as well the formation of DNA
adducts in the liver, (EFSA, 2016). M/LMG exposure increases the in-
cidence of hepatocellular adenomas and carcinomas in female mice. In
addition, both substances increase the risk of thyroid and mammary
cancers in female rats. While hormonal mechanisms might also con-
tribute to the tumorigenic effects, both substances are considered as
carcinogens that likely act through oxidative DNA damage (EFSA,
2016; WHO, 2009). As noted by EFSA (EFSA, 2011), mutagens which
mode of action is based on oxidative DNA damage could act through a
threshold mechanism. However, taking into account the many un-
certainties in identifying such potential threshold, from the risk as-
sessment standpoint MG and LMG are considered as genotoxic carci-
nogens for which a threshold could not be assessed (EFSA, 2016; WHO,
2009). Further to ROS induction, MG has been associated with dis-
turbances in mitochondrial and lysosomal functions (Radko et al.,
2011); these mechanisms may be relevant to the main non-carcinogenic
chronic effects, namely hepatotoxicity, hematotoxicity and fetal toxi-
city (EFSA, 2016).

Since MG is a persistent and toxic substance, it is not registered for
use in food-producing animals in many places including EU, USA, UK,
Australia, Canada and Vietnam (Oplatowska et al., 2011). As Armenia is
a member of the Eurasian Economic Union (EAEU), fish farming is
regulated by the Eurasian Economic Commission of the Customs Union
(EEC CU) Technical Regulation (EEC, 2015). Before becoming an EAEU
member, Armenian legislation approved a preliminary list of directives
and regulations approximated with EU food safety legislation. The list
includes the Council Directive 96/23/EC which relates to the mon-
itoring of certain substances and residues in animal and animal pro-
ducts (Arlis, 2011). It also noteworthy, that in order to progressively
align residue limits with those applicable in the EU, since 2014, the EEC
CU prohibited the application of various substances in fish, including
MG. Moreover, food control authorities use a minimum required per-
formance limit (MRPL) of 2 μg/kg as a reference point for action (RPA)
for the sum of MG and LMG in meat of aquaculture products (EFSA,
2016).

However, regardless of its illegal use, MG is regularly discovered in
aquaculture products (EFSA, 2016; Hashimoto et al., 2011). Non-
compliant fish samples containing MG and LMG residues have been
found in several EU countries, including Austria, Poland, Czech Re-
public, Germany, Lithuania and Slovakia (EFSA, 2020; Schuetze et al.,
2008). Various studies revealed the illicit use of MG and LMG in fish
produced in emerging countries, like Iran and Vietnam (Barani and
Tajik, 2017; Jiang et al., 2009; RASFF, 2019). Nevertheless, currently,
there are limited studies regarding the assessment of human health risks

from MG residues in farmed fish, and no published data in most of the
emerging countries, particularly in Armenia. Therefore, there is a need
for monitoring of aquaculture products, considering the potential
harmful effects of MG and LMG residues on human health. Thus, this
pilot study aimed to investigate the occurrence of illegal drug MG and
to assess its possible health risks due to dietary exposure through daily
fish intake in Armenia. The sum of MG and LMG residues in flesh
samples of aquaculture fish grown in artificial ponds of Armenia was
determined and fish consumption was investigated. Afterwards the
daily MG and LMG intake and margin of exposure (MOE) were esti-
mated to characterize the possible health risks to consumers.

2. Materials and methods

2.1. Study samples

Investigated fish samples were collected under the frame of the
Armenian residue monitoring program and analyzed for the presence of
MG and its reduced metabolite LMG. The fish species included Sevan
trout (Salmo Ishkhan), rainbow trout (Oncorhynchus mykiss) and stur-
geon (Acipenseridae) which are the main species farmed and consumed
in Armenia. The samples were randomly collected from artificial ponds
of the main fish farms in different regions of Armenia including
Aragatsotn, Ararat, Armavir, Gegharkunik, Lori, Kotayk, Shirak,
Syunik, Vayots Dzor, and Tavush. In the frame of this study, sampling
was done from artificial ponds, since only the fishes directly harvested
from these ponds are allowed to be marketed in Armenia. Moreover, in
the country direct harvest from natural basins (such as in the Lake
Sevan) is prohibited (FAO, 2004).

Overall, the collected 29 composite fish samples included 11 sam-
ples of Sevan trout (comprised of 33 subsamples), 16 samples of
rainbow trout (comprised of 48 subsamples) and 2 samples of sturgeon
(comprised of 6 subsamples) (Table 1). The average length of the
samples was 49,3 cm and ranged from 35 to 69 cm for different fish.
The weight of samples was consistent with the average weight of the
marketed trout and sturgeon, approximately 500–1000g and 2000g,
respectively (FAO, 2011). The sampling was carried out from March to
November 2017 in accordance with the requirements of Council Di-
rective 96/23/EC (Council Directive, 1996).

All the collected samples were sealed in plastic bags, placed in an ice
container and immediately transported to the laboratory for the

Abbreviations

BMDL Benchmark Dose Lower Confidence Limit
EAEU Eurasian Economic Union
EEC CU Eurasian Economic Commission of the Customs Union
EFSA European Food Safety Authority
ELISA Enzyme Linked Immunosorbent Assay
FFQ Food Frequency Questionnaire
LC MS/MS Liquid Chromatography with Tandem Mass

Spectrometry
LMG Leuchomalachite Green
LOD The Limit of Detection
MG Malachite Green
MOE Margin of Exposure
MRPL Minimum Required Performance Limit
NOAEL No-Observed-Adverse-Effect Level
RASFF Food and Feed in the European Union
RPA Reference Point for Action

Table 1
MG and LMG residue content (μg/kg).

Fish Species Number of
samples

MG and LMG residue contenta

Min Max Mean SD

Sevan trout (Salmo Ishkhan) 11 0.3 3 1.1 1.1
Rainbow trout

(Oncorhynchus mykiss)
16 0.3 4.8 2.1 1.6

Sturgeon (Acipenseridae) 2 2.5 2.5 2.5 0

Note.
SD−standard deviation.
a Residue value obtained from the analysis of triplicate samples.
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analysis. At the laboratory, the sample preparation was done in ac-
cordance with Enzyme Linked Immunosorbent Assay (ELISA) Test Kit.
Fish samples were cleaned with deionized water. The skin and bones
were removed; the muscle was grounded with a ceramic mortar and
homogenized thoroughly using a blender. MG and LMG extraction in-
volved vortex mixing in acetonitrile mixtures. Detection of residual
quantities of MG and its metabolite LMG was carried out by ELISA as a
routine screening based on MG/LMG ELISA Test Kit. The commercial
ELISA Malachite Green kit was validated for specificity, selectivity,
linearity of dilution, intra-assay, inter-assay precision and recovery.
This Kit provides a simple, rapid, sensitive and cost-effective enzyme
immunoassay screening method. This method was based on a compe-
titive colorimetric ELISA assay. During the analysis, the sample was
added along with the MG-horseradish peroxidase (MG-HRP) conjugate.
The resulting color intensity had an inverse relationship with the MG
residue concentration in the sample. Afterwards, the ELISA results were
confirmed by the Liquid Chromatography with tandem mass spectro-
metry (LC-MS/MS) method for a more accurate for MG/LMG quantifi-
cation (Ding et al., 2007; Liang et al., 2006). The results of LC-MS/MS
were used for exposure assessment of MG/LMG residues. The limit of
detection (LOD) was 0.0005 mg/kg. LOD/2 was used for exposure
calculations, as the number of left-censored samples was less than 60%
(FAO and WHO, 2006).

2.2. Study population

To estimate fish consumption values, we used the food frequency
questionnaire (FFQ) developed initially for a large dietary assessment
study (Pipoyan et al., 2019) and including information, such as con-
sumption frequency, portion size, etc. In 2018, overall, 1040 residents
of Yerevan (aged 18–65) were interviewed in the frame of FFQ survey.
To obtain more accurate and representative data, participants living in
different districts of Yerevan were provided with equal access.

2.3. Data collection

The FFQ was developed to include the product type, consumption
frequency, portion size, food source, and demographic questions related
to gender, age, employment, education and income level. To get more
precise data, the portion size was designed as an open-ended question
and included answers with grams, units and pieces. Seven categories
were assigned to assess the consumption frequency: ranging from “no
consumption” to “2–4 times per week”. For frequency categories such
as “2–3 per month”, the midpoint was taken into account when com-
puting the average daily consumption of fish. To include answers which
were less frequent than “once a month”, “other” option was designed
separately. Survey participants reported their average fish consumption
for the past one year. For calculating average daily intake, daily con-
sumption frequency was multiplied by portion size and quantity.

2.4. Margin of exposure (MOE)

MG and LMG are considered as genotoxic and carcinogenic sub-
stances; therefore, there is no established health-based guidance value.
MOE is the internationally recognized approach for the risk assessment
of substances that are both genotoxic and carcinogenic, as it considers
both the dietary exposure and the dose-response relationship. MOE is
the ratio of the no-observed-adverse-effect level (NOAEL) or benchmark
dose lower confidence limit (BMDL) to the theoretical, predicted, or
estimated human intake (EFSA, 2005). It is noteworthy that MOE is a
ratio and not a precise quantification of risk. The larger MOE is an
indication of a smaller potential risk posed by exposure to the com-
pound under consideration (Benford, 2010).

In this study, a deterministic approach of risk assessment was ap-
plied and MOE for MG and LMG was calculated using the following
equation (EFSA, 2005):

=
+

MOE BMDL
DIMG LMG (1)

where BMDL is the benchmark dose lower confidence limit (mg/kg
bw). BMDL10 and BMDL05 benchmark values, derived by European
Food Safety Authority (EFSA), were used. A BMDL10 for hepatocellular
adenomas and carcinomas in female mice of 13 mg/kg bw per day is
established as a reference point for neoplastic effects of MG/LMG. For
chemical substances that are genotoxic and carcinogenic, a MОE of
10,000 or higher, if based on the BMDL10 from an animal carcino-
genicity study indicates a low concern from a public health point of
view. For the effect of MG on liver weight and of LMG on body weight,
a BMDL05 of 6 mg/kg bw per day is established as a reference point for
the non-neoplastic effects of MG/LMG (EFSA, 2016). In case of non-
neoplastic effects, MOEs larger than 100 are considered to be of low
concern for threshold effects (EFSA, 2016).

+DIMG LMG is the average daily intake (dietary exposure) of MG and
LMG calculated by the following equation:

=
×

+
+DI

C C
BWMG LMG

fish MG LMG
(2)

where Cfish is the mean fish consumption (kg/day), +CMG LMG is the mean
content of MG and LMG (mg/kg), BW is the mean (default) body
weight of 70 kg.

2.5. Statistical analysis

Statistical analyses of data were conducted using SPSS software
(version 22.0). To get a normal distribution of consumption values, K-
means cluster analysis method was applied. This method was shown to
be effective especially for the analysis of dietary patterns in a large
population using FFQs. Moreover, a cluster analysis method allows
revealing homogenous groups of consumers and computes average
consumption values more precisely (Ares, 2014). The number of
iterations using K-means method was equal to 10. The optimal number
of clusters was determined experimentally. Clustering was carried out
for several times, more precisely, for natural values of K lying in the
range from 2 to 10 inclusive. For each case, the sum of squared de-
viations was identified using the ANOVA table. After applying this
method, the final study sample consisted of 867 participants.

3. Results and discussions

3.1. Occurrence of MG and LMG in fish

Table 1 includes the results of MG residue measurements (reported
as the sum of MG and LMG) in 29 composite samples of fish. The
contents of MG and its reduced metabolite LMG ranged between <
LOD (< 0.5) and 4.8 μg/kg. In 7 samples (3 samples of Sevan trout and
4 samples of rainbow trout), the residual content was not quantified,
hence LOD/2 was considered when calculating the mean (FAO and
WHO, 2006). The mean and highest figures in Sevan trout were 1.1 and
3 μg/kg, while in rainbow trout were 2.1 and 4.8 μg/kg, respectively;
the two sturgeon samples were 2.5 μg/kg.

In total, in 34.5% of the samples MG residue content exceeded the
Minimum Required Performance Limit (MRPL) of 2 μg/kg for the sum
of MG and LMG set by EU (EFSA, 2016). According to EFSA, exposure
to food contaminated with MG/LMG at or below the MRPL of 2 μg/kg
does not represent a health concern.

Presence of MG/LMG residues in fish samples was reported in sev-
eral other studies as well. In Croatia from 2009 to 2011, MG residues
have been found in muscle tissues of 42 carp (Cyprinus carpio) and 30
rainbow trout (Oncorhynchus mykiss) samples collected from fish farms.
MG was present in 68.1% of all fish samples, and the mean content was
0.231 μg/kg, which is 9 times lower than the one reported in the pre-
sent study in rainbow trout (Bilandžić et al., 2012). In Malaysia, 5
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different types of fish contained MG and LMG residues ranging from
0.53 to 4.1 μg/kg (Kwan et al., 2018).

In the European Union, only Czech Republic reported (1.3% and
16.3% non-compliant results for MG and LMG, respectively, out of 80
samples) data on the occurrence of MG/LMG in aquaculture (EC, 2012),
data regarding other countries were not available (EFSA, 2016). Ac-
cording to EFSA's most recent data regarding dyes' residues in aqua-
culture, 2.5% (out of 4 samples) and 8.4% (out of 119 samples) of non-
compliant results for the sum of MG/LMG were reported in Austria and
Poland, respectively. Meanwhile, Germany, Lithuania and Spain re-
ported 12.6% (out of 269 samples), 80% (out of 5 samples) and 100%
(out of 2 samples) of non-compliant results for LMG in suspect samples,
respectively. Moreover, Lithuania and Spain reported 40% (out of 5
samples) and 100% (out of 2 samples) of non-compliant results for MG,
respectively (EFSA, 2020). For the period of this study (2017–2019),
the Rapid Alert System for Food and Feed in the European Union
(RASFF) recorded 11 cases of elevated concentrations of MG and LMG
in fish and fish products (Table 2).

The highest amount of MG and LMG contents were reported in
2018, exceeding the Reference Point for Action (RPA) by 20–27 times
(Table 2). The majority of the noncompliant samples originated from
Vietnam. Overall, in the considered period the concentration of MG
ranged from 2 to 29 μg/kg, while LMG levels ranged from 0.42 to
54 μg/kg (RASFF, 2019).

Several data suggest that the concentrations of MG and LMG re-
sidues in fish muscle are reduced after boiling, baking, microwaving,
refrigerating and freezing. In general, the concentrations of MG are
reduced more than those of LMG (EFSA, 2016). In carp (Cyprinus carpio)
muscles cooked by boiling or baking MG concentration was reduced,
while LMG content was stable. By microwave cooking both MG and
LMG residues were reduced (Mitrowska et al., 2007). Since fish in Ar-
menia is mostly consumed after cooking, the available data indicate
that the actual consumer exposure to MG residues may be lower than
expected, on the contrary the effect of cooking on LMG residues is
modest.

3.2. Fish consumption

The FFQ results showed that 83% of the surveyed participants have
consumed fish. In the meanwhile, the FFQ also indicated that intake is
not habitual; fish and fishery products are consumed by Armenian fa-
milies mostly during celebrations and feasts. Moreover, in the frame of
the study, the results of K-means cluster analysis revealed 3 cluster
groups of fish consumers categorized in the order of consumption
amount, from the lowest to the highest. Besides, through K-means
cluster analysis the heterogeneous data of fish consumption was
grouped into homogenous clusters. Fish daily consumption amount
(Mean ± SD) and percentage of consumers for three different cluster
groups are summarized in Fig. 1.

3.3. MG and LMG MOE

In this study, the K-means cluster analysis revealed three major
groups of fish consumption, and the dietary exposure and MOE calcu-
lations were done for each group. The results of dietary exposure of MG
and LMG and the deterministic assessment of MOEs for three different
cluster groups are presented in Fig. 2 and Fig. 3, respectively.

The BMDL10 (neoplastic hazard) MOEs for three cluster groups
ranged from 3.36E+06 to 3.37E+07 which did not indicate any sig-
nificant concerns for potential health risk: according to EFSA, a MOE of
10,000 or higher, if based on the BMDL10 from an animal carcino-
genicity study indicates a low concern from a public health point of
view (EFSA, 2016).

In case of BMDL05 (non-neoplastic hazard) MOEs for three cluster
groups ranged from 1.55E+06 to 1.55E+07. In this case, MOEs larger
than 100 are considered to be of low concern for threshold effects ac-
cording to EFSA (EFSA, 2016); therefore, no concerns are identified.

To get an estimate of the amount of MG and LMG which would
result into a MOE equal to or more than 10,000, a theoretical amount
has been calculated. Based on the results, 0,585 mg/kg of MG and LMG
may represent a health risk for the 3rd cluster of fish consumption
(0.156 kg), in case of BMDL10. This theoretical figure is two orders of

Table 2
Notifications of the occurrence of MG and LMG in fish and fish products during 2017–2019.

Year Notifying Country Country of origin Fish and Fish Products MG and LMG content (μg/kg)

2017 Switzerland Vietnam frozen whole catfish (Clarias macrocephalus) MG 29
2017 Latvia Lithuania carp (Cyprinus carpio) LMG 2.4
2017 Belgium Vietnam frozen catfish (Clarias spp.) LMG*
2017 Belgium Vietnam frozen catfish (Clarias spp.) LMG > MRPL
2018 Lithuania Belarus live carp LMG 0.42
2018 Czech Republic Czech Republic live rainbow trouts (Oncorhynchus mykiss) LMG 7.73
2018 Germany Germany trouts LMG 10
2018 United Kingdom Vietnam frozen raw barramundi MG 2; LMG 54
2018 France Vietnam frozen catfish LMG 40.44
2019 Belgium Vietnam frozen catfish LMG 40.44
2019 Czech Republic Italy Chilled rainbow trout (Oncorhynchus mykiss) LMG 13.4

*Note: The data on LMG content in frozen catfish is not reported in RASFF.

Fig. 1. Consumption of fish.

Fig. 2. Dietary exposure of MG and LMG.
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magnitude greater than the higher range of residues found in trouts in
Armenia.

The results in the present study are comparable with those reported
in other researches. For example, based on an investigation carried out
in 2008 in Germany, MG and LMG were detected at concentrations
between 0.000102 and 0.000765 mg/kg in the tissues of 25 out of 45
eels caught from different lakes, a river and a canal. However, in case of
a life-time consumption of 300g eel filet per day, an MOE of 3.40E+06
was obtained, indicating a very low chronic risk (Schuetze et al., 2008).

According to another human exposure study, MOEs were 4E+06
and 4E+05, respectively for average (LMG intake of 0.000005 mg/
kg bw/day) and high exposure (LMG intake of 0.00005 mg/kg bw/day)
estimates (Renwick et al., 2010).

In Taiwan, the risk of human exposure to LMG due to fish con-
sumption for three different consumer age groups has been conducted.
Based on the probabilistic risk assessment, the mean and 5th percentile
MOEs ranged from 4,8E+06 to 7,74E+06 and 4,1E+05 to 6,66E+03,
respectively, representing a low concern from the public health point of
view; however, the results also point out that exposure to MG for high
consumers should be monitored (Chu et al., 2013).

4. Conclusion

The deterministic exposure assessment of this study reports a low
concern of human health risk for both neoplastic and non-neoplastic
effects of MG/LMG even in case of the highest consumption level of fish
in Armenia. However, from a legal point of view, fish contaminated
with MG and LMG cannot be placed on the market due to the zero-
tolerance provision that applies for chemicals that are prohibited at any
level in foodstuffs (Schuetze et al., 2008).

The presence of MG and its metabolite LMG highlights an illegal use
of this agent, and represents a potential barrier for exportation, as the
entry to EU markets in particular, is a priority for many Armenian fish
farmers. To boost the development of the Armenian aquaculture in-
dustry and to minimize the use of this hazardous substance, it is im-
portant to have a proper, continuous monitoring of the presence of MG
and LMG residues in aquaculture products. Moreover, an effective
certification system should be established in close cooperation with the
governmental authorities and other stakeholders, including private
businesses. The education and awareness of farmers, including the use
of safer products, would be a cornerstone to promote a safer and
marketable fish production. In this connection, it is worthwhile to
mention that there are possible alternatives to MG, the use of which is
undesirable due to its persistence and potential genotoxicity and car-
cinogenicity. Alternative fungicidal agents such as Bronopol, sodium
chloride, formalin, potassium permanganate, and hydrogen peroxide
have been used (Yao et al., 2017). Bronopol might be a promising al-
ternative; it is effective against fungal infections (Rahkonen et al.,

2002) and, contrary to MG, it is bio-degradable and does not bioaccu-
mulate. Studies on Asian catfish (Heteropneustes fossilis) suggest that
Bronopol may have a lower toxicity than MG (Srivastav et al., 2015,
2018).

In conclusion, this study may represent a step forward in the risk
assessment and management of illicit residues and food contaminants
in Armenia.
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