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Abstract

This study was performed to measure the possible persistence of formaldehyde, the active substance of formalin solution, in 
seawater and edible gilthead seabream (Sparus aurata) tissues after a formalin bath. The trial was carried out during the summer 
period as parasitic infestations are of a high frequency. Water samples were taken within or at a short distance from the treatment 
cages, during and following formalin immersion. Fish fillets were also sampled at the same sampling points. Chromatographic 
analysis of water and tissue samples was performed with a photodiode array detector (HPLC-PDA). Measured formaldehyde con-
centrations in gilthead seabream fillets clearly showed no increase due to the immersion or advent of time. Formaldehyde measure-
ments in seawater revealed that after formalin treatments negligible amounts of the substance remain in the aquatic environment 
and these values seem to be relatively unaffected by depth in the vicinity of the fish cages. Further research is required to investi-
gate the formalin degradation cycle under Mediterranean seawater conditions, including more farm sites and temperature ranges.

Keywords: Formaldehyde residue; formalin bath; gilthead seabream; seawater; edible tissues.

Introduction

The intensive use of sea cages in marine aquacul-
ture has undoubtedly been coupled with the accelerated 
growth of farmed fish production in the Mediterranean 
region. The use of fish cages allows larger biomasses 
of farmed fish, but at the same time, high fish density 
favours the possible spread of diseases. Poor hygiene 
combined with adverse environmental conditions trig-
gers the emergence of parasitic diseases that can prove 
detrimental to farmed fish. Indicatively, the parasitism of 
gilthead seabream (Sparus aurata), one of the most com-
mercialized finfish marine species in the Mediterranean 
Sea (Stavrakidis-Zachou et al., 2021), by the monogene-
an parasite Sparicotyle chrysophrii, currently represents 
the most serious and unsolved production concern (Sit-
jà-Bobadilla et al., 2006; Aslam et al., 2020; Muniesa et 
al., 2020).

Formalin baths are arguably one of the most common 
antiparasitic treatments worldwide (Boyd & McNevin, 

2015). In several European countries, including Greece, 
the Aquacen formulation (Cenavisa, Spain) is licensed for 
use in aquaculture, in concentrations of 100-250 mg L-1 
and immersion duration of 0.5-1 h. The formalin solution 
contains mainly 37.5-40% formaldehyde and 12-13.5% 
methanol, with the first component inducing anti-parasit-
ic properties. Although immersions in licensed formalin 
solutions have been regularly carried out, for years, con-
sumer concerns have been expressed about the presence 
of residues in the final products and their possible persis-
tence in the marine environment. Information regarding 
the environmental toxicity of formaldehyde is relatively 
limited, although formaldehyde seems to degrade rapidly 
once it comes into contact with the aquatic environment 
through various reactions (Guimarães et al., 2012) and 
no bioaccumulation occurs (bioaccumulation factor, BCF 
<1) in living organisms (Leal et al., 2018; USA EPA, 
2019).

Despite the fact that there is a great number of pub-
lished studies on the short-term toxicity and other rele-
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vant aspects of formaldehyde (reviewed by Leal et al., 
2018), measurements of the compound in the vicinity 
of fish cages and in bathed fish are virtually inexistent 
or limited in the pertinent literature (Cho &Yang, 1996; 
Jung et al., 2001; USA EPA, 2017). Thus, the purpose 
of this study was to evaluate its potential residues in the 
aquatic environment and fish fillets, resulting from the 
therapeutic usage of formalin in cultured marine finfish. 
These objectives were achieved by measuring the con-
centrations of formaldehyde in seawater samples and ed-
ible gilthead seabream tissues, through selected sampling 
at high temperatures at Greek fish farms.

Materials and Methods

Sampling

Sampling of water and fish tissue during and after for-
malin immersion, was carried out at a marine fish farm 
unit in Central Greece during summer (26o C). The choice 
of the particular fish farm was based on the fact that in-
festations with S. chrysophrii in gilthead seabream are 
often recorded in the area, especially during periods of 
warm water temperatures and, consequently, the fish are 
subjected to repeated formalin immersions. Formalin im-
mersion was carried out during morning hours (10 a.m.), 
following the usual therapeutic protocol (150 mg L-1 for 1 
h) (Fig. 1) in a common 80 m diameter cage.

The commercial preparation (Aquacen) was supplied 
by AQUAVET SA. The water sampling points selected 
during and after completion of the treatment are described 
in Table 1. Water samples from 7.5 and 15 m depths were 
taken by a diver 30 or 50 m away from the treated cage 
and towards the direction of the dominating sea currents. 
Also, water samplings were performed 45 days following 
completion of formalin therapies at three selected sites, 
namely, inside the treated cage, 30 m, and 50 m away 
from the cage. The average weight (A.W.) of the gilthead 
seabreams was 70 g and they were collected from all 
sampling points for analysis of formaldehyde residues in 
their edible tissues (fillet) during the trial. Additional wa-
ter samples (control points) were taken at a distance of 1 

km from the fish cages as no formaldehyde residues orig-
inating from veterinary purposes or other anthropogenic 
activities were expected. All the water (50 mL tubes) and 
fillet samples were stored at 4oC and sent for analysis to 
the Laboratory of Analytical Chemistry of the National 
and Kapodistrian University of Athens (NKUA). Sam-
pling and analysis were performed in triplicate.

Reagents

All standards and reagents used were of high purity (> 
95%). Acetonitrile (ACN) and methanol were of HPLC-
grade (MeOH) and acquired from Fisher Scientific (Geel, 
Belgium). Phosphoric acid (Η3PO4) and 2,4-Dinitrophe-
nylhydrazine (2,4-DNPH) were purchased from Sigma 
Aldrich (Stenheim, Germany), while formaldehyde was 
provided by lach:ner (Neratovice, Czechia). Ultrapure 
water was provided by Milli-Q purification apparatus 
(Millipore Direct-Q UV, Bedford, MA, USA). Regener-
ated cellulose syringe filters (RC filters, pore size 0.2 μm, 
diameter 15 mm) and paper filters (No 4) were obtained 
from Macherey-Nagel (Dόren, Germany). A stock stand-
ard solution of formaldehyde was prepared in ultrapure 
water at a concentration of 1000 mg L-1 and stored at 
-18oC in a 10 mL amber-coloured glass vial. Working 
solutions of formaldehyde at various concentrations 
ranging from 0.02 to 10 mg L-1 were prepared, following 
the derivatization process.

Recrystallization of 2,4-DNPH was required prior to 
each use as follows: 10 g of 2,4-DNPH were dissolved in 
100 mL of warm acetonitrile to form a saturated solution. 
The solution was allowed to cool at room temperature, 
transferred to dark glass vials and stored at 4oC for 16 h 
to complete the formation of crystals. The crystals were 
then collected by vacuum filtration. 2,4- DNPH was used 
as derivatization solution for both fish and water samples, 
differing only as regards the dissolving solvent.

To prepare the derivatization solution for the fish 
samples, 0.150 g of 2,4-DNPH were dissolved with ace-
tonitrile in a 100-mL volumetric flask, 500 μL of concen-
trated H3PO4 were added, and diluted to the mark with 
acetonitrile (derivatization solution A). To prepare the 

Fig. 1: Formalin application in the marine fish farm unit.
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derivatization solution for the water samples, 0.150 g of 
2,4-DNPH crystals were weighed in a 100-mL volumet-
ric flask, and dissolved with the addition of a mixture of 
ACN: H2O in a proportion of (50:50, v/v) (derivatization 
solution B).

Formaldehyde extraction

Residual formaldehyde in the formalin-treated fish muscle

Sample preparation for fish tissue samples was based 
on the work of Wahed et al. (2016). In a 50-mL centri-
fuge tube, 5 g of homogenized fish tissue samples was 
weighed, and 5 mL of acetonitrile was added. Then, the 
samples were vortexed for 1 min and placed in an ultra-
sonic bath for 30 min at room temperature. Afterwards, 
the samples were centrifuged at 4000 rpm for 10 min 
and the obtained supernatants were filtered through pa-
per filters. A volume of 2.5 mL 2,4-DNPH (derivatiza-
tion solution A) was added to the filtrates, and vortexed 
for 1 min. The samples were placed in a 40oC water bath 
for 60 min. Following that, the organic layer was collect-
ed and filtered through RC syringe filters. The extracts 
were transferred to 2-mL autosampler glass vials and 
injected to HPLC-PDA. The aforementioned procedure 
was followed for both spiked samples and the procedur-
al blank. In order to test the derivatization efficiency, a 
series of working solutions ranging from 0.5 to 20 mg 
L-1 were prepared according to the derivatization process 
described above.

The quantification of formaldehyde was performed 
using standard addition calibration curve. Thus, a suita-
ble amount of formaldehyde working solution was spiked 
to 5 g of fish tissue, and the abovementioned process was 
applied. Four fortification levels (8 mg kg-1, 15 mg kg-1, 
30 mg kg-1 and 75 mg kg-1) were prepared and analysed. 
The equation of standard addition calibration curve was 
y= (7088 ± 253) x - (20736 ± 6251) and its correlation 
coefficient was R2=0.997. The method’s detection limit 
(LOD) was 0.92 mg kg-1, and the method’s quantifica-
tion limit (LOQ) was 2.8 mg kg-1. The obtained recover-
ies ranged from 88-109%, being fit-for-purpose for this 
work. 

Residues in seawater

The preparation of water samples was based on the 
work of Abe et al. (2021). Thus, a volume of 10 mL of 
water samples was transferred to 50 mL centrifuge tubes, 
followed by the addition of 0.5 mL of 2,4-DNPH (deri-
vatization solution B) and 0.2 mL of H3PO4 (20%, v/v). 
The mixture was then vortexed for 1 min and allowed to 
stand at room temperature for 20 min. The extracts were 
filtered through RC syringe filters, transferred to 2-mL 
autosampler glass vials, and injected into the liquid chro-
matography system.

The derivatization procedure was also carried out for 
the working solutions, using 0.5 mL of 2,4-DNPH (deri-
vatization solution B), 0.2 mL of H3PO4 (20%, v/v), and 
an appropriate amount of formaldehyde solution. The 

Table 1. Description of water sampling points and formaldehyde concentrations in sea bream fillets and water samples after for-
malin immersion at summer temperatures (n=3).

SUMMER

Sampling point Site Fillet (mg kg-1) Water (mg L-1)

Formalin tank 39.3%±2.3

Prior to bath Surface
3 m depth in the cage

4.2±0.9   <LΟD*

30 min after the initiation of treatment Surface
3 m depth in the cage

4.1±0.4  5.9±0.1
 5.8±0.6

30 min after removal of the tarpaulin bag surface
3 m depth in the cage
8 m depth in the cage

4.8±0.5  0.8±0.1
 0.6±0.1
 0.7±0.2

4 h after bath 7.5 m depth
15 m depth

30 m away from the treated cage

5.7±0.5 <LΟD

8 h after bath 7.5 m depth
15 m depth

50 m away from the treated cage

4.8±0.7 <LΟD

24 h after bath 7.5 m depth
15 m depth

50 m away from the treated cage

6.37±2.2 <LΟD

Control (1 km) 1 km away from the fish cages <LΟD

*LΟD: Limit of detection <0.0066 (mg L-1)
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concentration of the working solutions was 0.02, 0.1, 
0.25, 0.5, 0.75, 1, 2, 5, 10 mg L-1, and their final volume 
was set at 10 mL. The solutions were stirred in a vortex 
for 1 min and left for 20 min at room temperature. The 
derivatized working solutions were injected into the liq-
uid chromatography system and the equation of external 
standard calibration curve was y= (160344 ± 984) x + 
(5999 ± 3974). Its linear range was extended from 0.02 to 
10 mg L-1, and the correlation coefficient was R2=0.9999, 
thus demonstrating satisfactory linearity.

The above-described procedure was also followed for 
the procedural blank, and the fortified samples. For the 
procedural blank, an equal volume of ultrapure water (10 
mL) was used. Regarding the fortified samples, five forti-
fication levels of the samples were analysed, namely, 0.1, 
0.5, 1, 5 and 10 mg L-1 and % recoveries ranged from 88-
95% at all the examined fortification levels. The obtained 
% recoveries were considered satisfactory. The method’s 
LOD was calculated from the standard deviation of ten 
blank samples and found to be 6.60 μg L-1. As a result, the 
method’s LOQ was calculated to be 20.0 μg L-1.

Instrumentation and chromatographic method

The determination of formaldehyde in water and fish 
samples was performed through a liquid chromatography 
system equipped with a PDA detector (ΗPLC Shimadzu 
LC-2030C 3D Plus). A Ζorbax Eclipse XDB-C18 col-
umn (250*4.6 mm, 5μm) (Agilent Technologies, Santa 
Clara, USA) was used for the chromatographic analysis. 
The column temperature was kept constant throughout 
the chromatographic analysis at 30oC, and the injection 
volume was set at 20 μL. The mobile phase consisted of 
H2O: MeOH (35:65, v/v) and the elution program was 

isocratic. The wavelength was set at 355 nm. The total 
chromatographic run was 15 minutes, while the analyte 
was eluted at 7.2 min. The representative chromatograms 
of fish and water samples are depicted in Figure 2. 

Results

Formaldehyde concentrations in water samples and 
edible gilthead seabream tissues after formalin immersion 
at high temperatures are presented in Table 1. The meas-
ured concentrations of formaldehyde in fish fillets clearly 
show that there is no increase due to immersion and that 
the residue concentration remains unaffected by time. 
Regarding seawater measurements, it appears that during 
formalin immersion, the concentration of formaldehyde 
is lower than expected. The remaining measurements af-
ter the immersion, indicate that undetectable amounts of 
formaldehyde stand in the aquatic environment. Moreo-
ver, formaldehyde was not detected when sampling was 
carried out >45 days post-formalin treatment in the area.

Discussion

Formaldehyde has wide industrial use due to its spe-
cial characteristics that mainly include a high degree of 
reactivity, high purity, and low production cost (Neuss 
& Speit, 2008). However, according to Regulation (EU) 
No 528/2012, formaldehyde is a hazardous organic com-
pound that may negatively affect public health and the 
environment. Apart from the prolonged use of formal-
dehyde as a disinfectant, its wide application as a com-
ponent of formalin solution in aquaculture medicine, 
renders the latter, one of the most widely used fish an-

Fig. 2: A. Representative chromatograms of procedural blank (in black), a fish sample (in purple) and a fortified fish sample (30 
mg/kg, in blue). B. Representative chromatograms of procedural blank (in black), a standard solution of 0.5 mg L-1 (in blue), a 
water sample (in purple) and a fortified water sample (0.5 mg L-1, in grey).
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tiparasitics worldwide (Boyd & McNevin, 2015). Not-
withstanding the extensive use of formalin that causes the 
release of large quantities in the environment, the poten-
tial side effects of formaldehyde have not been studied in 
aquaculture environments. Consequently, formalin baths 
in aquaculture medicine have raised great concerns and 
reactions from environmental groups and consumers. The 
current study is one of the first pilot efforts to evaluate the 
persistence of formaldehyde in seawater after formalin 
immersion. 

In addition, the use of formalin baths in aquaculture 
has given rise to strong consumer safety concerns that 
may be linked to the presence of formaldehyde residues in 
the final product and its possible carcinogenicity (Liteplo 
et al., 2002). However, it should be noted that the Europe-
an Medicines Agency (EMA) has not established a maxi-
mum residue limit (MRL) for formaldehyde, perhaps due 
to the absence of bioaccumulation and rapid degradation 
(Leal et al., 2018). Therefore, the withdrawal time for the 
compound in treated products is supposedly zero. Never-
theless, measurement of formaldehyde concentrations in 
fish fillet was included in our study, although monitoring 
of formaldehyde residues in the final product of aquacul-
ture is a routine control procedure applied by local fish 
production companies.

Formaldehyde residues measured in gilthead sea-
bream fillets after completion of immersion were similar 
to those considered as control values. These results are 
in agreement with the findings of other studies revealing 
that the dose and duration of formalin treatment did not 
affect the accumulation of formaldehyde residues in the 
fillet of the studied species (Ueno et al., 1984; Xu & Rog-
ers, 1993; Xu & Rogers, 1995). These findings confirm 
that the formaldehyde levels in fish fillets recorded herein 
are close to the natural values measured in untreated fish, 
as the specific substance is a metabolic product of living 
organisms and is also necessary for the biosynthesis of 
specific amino acids (Jung et al., 2001).

Similarly, in a published study on formalin-treated 
halibut (Paralichthys olivaceus) (100-300 mg L-1 for 1 
h), formaldehyde concentrations in the fillets were not 
greater than those of the control, although residue values 
were lower (0.8-1.2 mg/kg) (Jung et al., 2001), compared 
to those measured in this study. The measured formalde-
hyde values in gilthead seabream fillets are in the range 
of the concentrations published for food and other pro-
ductive animals and relatively much lower than those 
recorded for wild fish species (Table 2). Interestingly, 
formaldehyde levels have been detected postmortem in 
the tissues of Pacific cod (Gadus macrocephalus), Alas-
kan cod (Theragra chalcogramma), blue shrimp (Pe-
naeus stylirostris), and Pacific white shrimp (Pandalus 
jordani) (Amano & Yamada, 1964; Flores & Crawford, 
1973; Hose & Lightner, 1980). Moreover, endogenous 
residues of this substance ranging from 0.1-31.8 mg/kg 
were measured in various species of teleosts and crus-
taceans, such as Japanese eel (Anguilla japonica) (Ueno 
et al., 1984), Atlantic seabass (Morone saxatilis) (Xu & 
Rogers, 1993) and banana prawn (Penaeus merguiensis) 
(Yamagata & Low, 1995).

No previous attempts to measure formaldehyde resi-
dues in the aquatic environment after formalin bath treat-
ments, have been published in the literature. Notably, 
preliminary formaldehyde measurements during summer 
in water samples after treatment (4-24 h) showed small 
amounts of formaldehyde, which ranged from 0.0164 to 
0.0389 mg L-1, at a farming site in a different geograph-
ical region (laboratory unpublished data). Nevertheless, 
formaldehyde concentrations measured after immersion 
at different distances, depths, and times were not detected 
herein. This discrepancy indicates that the fate of formal-
dehyde might depend on the environment subjected to 
different treatment schedules. 

Furthermore, the concentration of formaldehyde was 
lower than expected during formalin immersion, possibly 
due to its interaction with natural organic matter (NOM). 
Meinelt et al. (2005) observed a reduction in formalin 
toxicity using zebrafish (Danio rerio) in the presence of 
NOM, indicating a possible binding of formalin to spe-
cific functional groups or structures of NOM. It is well 
known that NOM binds organic compounds as well as 
metals to their functional groups and their lipophilic 
structures (Haitzer et al., 1999; Kopinke et al., 2001).

It is also worth noting that formaldehyde breaks down 
as soon as it comes into contact with atmospheric oxygen 
through the process of oxidation to formic acid and with 
the end products being water and carbon dioxide after the 
mediation of microorganisms (Kitchens et al., 1976, FDA 
1995; Yumura et al., 2002). Formic acid is a natural com-
pound occurring at significant concentrations in aquatic 
compartments and dissociates into formate anions, which 
shows a high probability of not being acutely harmful to 
fish, aquatic algae, and invertebrates (European Chemi-
cals Agency, ECHA, 2022). According to ECHA, formic 
acid and formate anions have no potential for bioaccu-
mulation in aquatic organisms and not identified as an 
endocrine disruptor for non-target organisms. A GLP-test 
(OECD Principles of Good Laboratory Practice) on ma-

Table 2. Formaldehyde concentrations in various raw food 
products.

Product Formaldehyde 

mg kg-1

Meat 5.7-20 

Wild fish 6.4-293 

Crustacean 1-98 

Sugar 0.75 

Fruits and vegetables 6-35 

mg L-1

Milk products 0.01-0.80 

Coffee 3.4-16 

Drinks (alcohol) 0.27-3

(WHO, 1989; EFSA, 2014)
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rine fish (Scophthalmus maximus) showed an extremely 
high median lethal concentration (LC50 =1.700 mg L-1) 
after 96 hours of formic acid exposure (ECHA, 2022). A 
high median lethal concentration was also estimated in 
the brown shrimp Crangon crangon (96 h: LC50= 1.308 
mg L-1) and in the marine diatom Skeletonema costatum 
(72 h: LC50> 1.000 mg L-1) (ECHA, 2022). Regarding 
CO2, one of the end products, its solubility in seawater 
depends on various physicochemical parameters such as 
temperature, pressure, salinity, pH, and organic matter 
concentrations (Teng et al., 1996; Al-Anezi et al., 2008; 
Dickson, 2011). Hence, no firm conclusion can be drawn 
about its potential environmental harm and, thus, accord-
ing to Directive 67/548/EC, it is classified as non-hazard-
ous for the aquatic environment and does not fulfil persis-
tent, bioaccumulative, and toxic (PBT) criteria. 

The rate of formaldehyde degradation is mainly in-
fluenced by water temperature and the availability of ox-
ygen in the environment (Xu & Rogers, 1995; Jung et 
al., 2001). In an aquatic environment that contains less 
oxygen than air, the substance also dissolves rapidly and 
biodegrades depending on the environmental conditions. 
For example, for complete degradation of the substance 
in fresh water under aeration and a temperature of 20°C, 
30 h were required, while under anaerobic conditions at 
8°C, the necessary degradation period was 3 days (Kama-
ta, 1966). In addition, indirect photodegradation and bio-
degradation of formaldehyde are important reactions that 
take place once the substance comes into contact with 
water (Leal et al., 2018). According to Chinabut et al. 
(1988), formaldehyde concentrations of 25, 50 and 75 mg 
L-1 are completely degraded in 36, 48, and 54 h, respec-
tively, at a temperature of 27-30°C in the presence of ox-
ygen in fresh water. In the same study, in the absence of 
oxygen, 36, 54, and 60 h were required for complete deg-
radation at the aforementioned concentrations. It should 
be noted that the majority of formaldehyde studies, either 
for the evaluation of the degradation time or for toxicity 
measurement, has been carried out in fresh water envi-
ronment. An exception is the study by Jung et al. (2001), 
who report that complete degradation of the substance in 
seawater appears to be slower compared to fresh water. 
Specifically, 25-200 mg L-1 of formaldehyde in seawater 
tanks in the absence of aeration, took 8-19 days to degrade 
at 20±1℃, while in the presence of aeration, the degra-
dation was accelerated (6-10 days). Nevertheless, the rate 
of formaldehyde degradation at temperatures >20℃ and 
specifically at those used for our trials, remains unknown. 
It would be quite interesting to answer this question, as 
it has been reported that formaldehyde solutions at high 
water temperatures degrade at a much faster rate (Xu & 
Rogers, 1995).

The toxicity of formaldehyde has been evaluated 
mainly in freshwater organisms and most common-
ly at short-term levels (reviewed by Leal et al., 2018). 
The measured concentrations of formaldehyde reported 
herein appear to be much lower than those published in 
the literature as toxic (short-term toxicity) to freshwater 
organisms. Indicatively, the EC50 values (half-maximal 
effective concentration) of formaldehyde were found to 

be of the order of 19 mg L-1at 3 h for activated sludge 
(OECD 209), 14.7 mg L-1 at 24 h for microalgae (Scened-
esmus quadricauda) and 5.8 mg L-1 at 48 h for crusta-
ceans (Daphnia pulex, OECD 202) (Tišler & Zagorc-
Končan, 1997). Similar results have been published for 
marine invertebrates, such as Pinctada fucata martensii 
(one-year-old) in which the 96 h: LC50 was found to be 
5.3 mg L-1at 25° C (Takayanagi, 2000).

Although formaldehyde after formalin immersions is 
discharged into the wider marine environment, there is 
always a risk of partial growth inhibition and/or killing 
of marine organisms sensitive to this substance, such as 
phytoplankton organisms, if the exposure exceeds 24 h 
at concentrations of 100-300 mg L-1 (Jung et al., 2001). 
It should be taken into account that the above values re-
fer to calculations of the short-term toxicity level of for-
maldehyde, while long-term toxicity should also be taken 
into account. However, similar studies are absent from 
the literature. In a single attempt to measure the long-
term toxicity of formaldehyde in crustaceans (D. magna), 
the value of the of the no observed effect concentration 
(NOEC) was determined at 1.04 mg L-1 (Assessment, 
2017), which is higher than the measured values of this 
paper (0.71 mg L-1). Based on this parameter, the pre-
dicted no-effect concentration (PNECwater) calculated for 
the same exposure with a reduction factor of 100, is 10.4 
μg/L for the aquatic environment. While recognizing the 
significant technical difficulties in performing long-term 
experiments to ascertain the toxicity of formaldehyde for 
target organisms, it should be noted that the need for ad-
ditional relevant knowledge is paramount.

The presence of methanol as a stabilizer in the forma-
lin solution (12-13.5%) and its possible hazardous envi-
ronmental effects should not be neglected when assessing 
the overall toxicity of formalin baths, although the LC50 
of the substance reported in the literature for fish (15.400-
29.400 mg L-1; 96 h), is much higher than that measured 
for formalin (15 μL-225 mL L-1; 96h), indicating a com-
paratively lower degree of toxicity (Kaviraj et al., 2004; 
Leal et al., 2018). It should also be mentioned that meth-
anol is systematically used as a solubilizing agent for 
various substances in laboratory bioassays and cytotox-
icity experiments (maximum concentration 5%), which 
also indicates the low toxicity of this substance. Although 
methanol degrades rapidly in the environment through 
photo-oxidation and biodegradation processes, the long-
term effects of its use at high concentrations (lethal or 
sub-lethal) remains unknown (Kaviraj et al., 2004), as 
toxicity studies have shown a reduction in fish growth 
and fecundity at a concentration >47.49 mg L-1 (Poirier 
et al., 1986) and relatively high sensitivity to crustaceans 
of the species Moina micrura (96 h: LC50= 4.82 mg L-1) 
(Kaviraj et al., 2004).

In conclusion, this study showed that the concentra-
tions of formaldehyde in the edible tissues of gilthead 
seabream remain unaffected by formalin baths and time. 
Furthermore, the measured concentrations of the sub-
stance in the vicinity of the treated cages, during high 
temperatures appear to be negligible compared to those 
published in the literature as being toxic, in the short-



390 Medit. Mar. Sci., 24/2 2023, 384-391

term, for marine or freshwater organisms. Furthermore, 
formaldehyde was unknot detected at the selected sam-
pling points 45 days after completion of the bath treat-
ments. Evaluation of the long-term toxicity of formalde-
hyde for marine target organisms should be a priority of 
future research efforts. Consequently, the possible appli-
cation of a biological, chemical, physical, or mechanical 
method of formaldehyde deactivation before its environ-
mental removal, deserves further investigation (Hayati et 
al., 2019). Moreover, the specific duration of complete 
formaldehyde degradation under Mediterranean seawater 
summer conditions, where formalin baths are more fre-
quent, should be another subject for future research. 

Acknowledgements

This study was funded by Hellenic Aquaculture Pro-
ducers Organisation (HAPO). 

References

Abe, Y., Kobayashi, N., Yamaguchi, M., Mutsuga, M., Ozaki, 
A. et al., 2021. Determination of formaldehyde and acetal-
dehyde levels in poly (ethylene terephthalate) (PET) bottled 
mineral water using a simple and rapid analytical method. 
Food Chemistry, 344, 128708.

Al-Anezi, K., Somerfield, C., Mee, D., Hilal, N., 2008. Param-
eters affecting the solubility of carbon dioxide in seawater 
at the conditions encountered in MSF desalination plants, 
Desalination, 222 (1-3), 548-571.

Amano, K., Yamada, K., 1964. A biological formation of for-
maldehyde in the muscle tissue of gadoid fish. Bulletin of 
the Japanese Society for the Science of Fish, 30, 430-435.

Aslam, M.L., Carraro, R., Sonesson, A.K., Meuwissen, T., 
Tsigenopoulos, C.S., et al., 2020. Genetic Variation, GWAS 
and Accuracy of Prediction for Host Resistance to Spari-
cotyle chrysophrii in Farmed Gilthead Sea Bream (Sparus 
aurata). Frontiers in Genetics, 11, 594770.

Assessment Report, 2017. Formaldehyde, Product-type 02 
(Disinfectants and algaecides not intended for direct appli-
cation to humans or animals). eCA: Germany.

Boyd, C., McNevin, A., 2015. Aquaculture, Resource Use, and 
the Environment, John Wiley & Sons, New Jersey.

Chinabut, S., Limsuwan, C., Tonguthai, K., Pungkachonboon, 
T., 1988. Toxic and sublethal effect of formalin on freshwa-
ter fishes. NACA/WP/88/73, Network of Aquaculture Cen-
tres in Asia-Pacific (NACA), Bangkok, Thailand.

Cho, J.K., Yang, H.C., 1996. Determination of formaldehyde 
residue and histopathological observation in formalin and 
neutral-formalin treated Korean rockfish (Sebastes schlege-
li). Journal of fish pathology, 9 (2), 157-168.

Dickson, A.G., 2011. The carbon dioxide system in seawater: 
equilibrium chemistry and measurements Part 1. Guide to 
best practices for ocean acidification research and data re-
porting. Luxembourg, Publications Office of the European 
Union, 17-40.

Directive 98/8/EC for Carbon dioxide (Product-type 18), In-
secticides, Acaricides and Products to control other Arthro-

pods. May 2010. 
European Chemicals Agency (ECHA), 2022. Biocidal Products 

Committee (BPC): Formic Acid, ECHA/BPC/329.
European Food Safety Authority (EFSA), 2014. Endogenous 

formaldehyde turnover in humans compared with exog-
enous contribution from food sources. EFSA Journal, 
12 (2), 3550.

Food and Drug Administration (FDA), 1995. Environmental 
Impact Assessment for the Use of Formalin in the Control 
of External Parasites on Fish. Environmental Assessments, 
Washington, D.C.

Flores, S.C., Crawford, D.L., 1973. Postmortem quality chang-
es in iced pacific shrimp Pandalus jordani. Journal of Food 
Science, 38, 575-579.

Guimarães, J., Farah, C., Maniero, M., Fadini, P., 2012. Deg-
radation of formaldehyde by advanced oxidation processes. 
Journal of Environmental Management, 107, 96-101.

Haitzer, M., Abbt-Braun, G., Traunspurger, W., Steinberg, 
C.E.W., 1999. Effects of humic substances on the biocon-
centration of polycyclic aromatic hydrocarbons: Correla-
tions with spectroscopic and chemical properties of humic 
substances. Environmental Toxicology and Chemistry, 18, 
2782-2788.

Hayati, M.N., Arfiati, D., Yanuwiadi, B., 2019. Assessing the 
effectiveness of biological, chemical and physics treatment. 
Indonesian Journal of Environment and Sustainable Devel-
opment, 10 (2).

Hose, J.E., Lightner, D.V., 1980. Absence of formaldehyde res-
idues in penaeid shrimp exposed to formalin. Aquaculture, 
21, 197-201.

Jung, S., Kim, J.W., Jeon, I., Lee, Y., 2001. Formaldehyde res-
idues in formalin-treated olive flounder (Paralichthys oli-
vaceus), black rockfish (Sebastes schlegeli), and seawater. 
Aquaculture, 194, 253-262.

Kamata, E., 1966. Aldehydes in Lake and Sea Waters. Bulletin 
of the Chemical Society of Japan, 39, 1227-1229.

Kaviraj, A., Bhunia, F., Saha, N.C., 2004. Toxicity of methanol 
to fish, crustacean, oligochaete worm, and aquatic ecosys-
tem. International Journal of Toxicology, 23, 55-63.

Kitchens, J.F., Casner, R.E., Edwards, G.S., Harward, W.E., 
Macri, B.J., 1976. Investigation of selected potential envi-
ronmental contaminants: formaldehyde, Washington, DC, 
US Environmental Protection Agency, 204, ARC-49-5681.

Kopinke, F.D., Georgi, A., Mackenzie, K., 2001. Sorption of 
pyrene to dissolved humic substances and related model 
polymers. 1. Structure-property correlation. Environmental 
Science & Technology, 35 (12), 2536-2542. 

Leal, J., Neves, M., Santos, E., Esteves, V., 2018. Use of for-
malin in intensive aquaculture: Properties, application and 
effects on fish and water quality. Reviews in Aquaculture, 
10, 281-295.

Liteplo, R.G., Beauchamp, R., Chénier, R., Meek, M.E., 2002. 
International Program on Chemical Safety (IPCS). Formal-
dehyde. Concise International Chemical Assessment Docu-
ment 40. Geneva: World Health Organization (WHO).

Meinelt, T., Pietrock, M., Burnison, K., Steinberg, C., 2005. 
Formaldehyde toxicity is altered by calcium and organic 
matter. Journal of Applied Ichthyology, 21, 121-124.

Muniesa, A., Basurco, B., Aguilera, C., Furones, D., Reverté, 
C. et al., 2020. Mapping the knowledge of the main dis-



391Medit. Mar. Sci., 24/2 2023, 384-391

eases affecting sea bass and sea bream in Mediterranean. 
Transboundary and Emerging Diseases, 67, 1089-1100.

Neuss, S., Speit, G., 2008. Further characterization of the gen-
otoxicity of formaldehyde in vitro by the sister chromatid 
exchange test and co-cultivation experiments. Mutagenesis, 
23 (5), 355-7.

Poirier, S.H., Knuth, M.L., Anderson-Buchou, C.D., Brooke, 
L.T. et al., 1986. Comparative toxicity of methanol and N, 
N-dimethylformamide to freshwater fish and invertebrates. 
Bulletin of Environmental Contamination and Toxicology, 
37, 615-621.

Regulation (EU) No 528/2012 concerning the making available 
on the market and use of biocidal products Evaluation of 
active substances. Assessment Report, Formaldehyde Prod-
uct-type 02, Disinfectants and algaecides not intended for 
direct application to humans or animals. October 2017.

Sitjà-Bobadilla, A., de Felipe, M.C., Alvarez-Pellitero, P., 2006. 
In vivo and in vitro treatments against Sparicotyle chrys-
ophrii (Monogenea: Microcotylidae) parasitizing the gills 
of gilthead sea bream (Sparus aurata L.). Aquaculture, 
261, 856-864. 

Stavrakidis-Zachou, O., Lika, K., Anastasiadis, P., Papandrou-
lakis, N., 2021. Projecting climate change impacts on Medi-
terranean finfish production: a case study in Greece. Climat-
ic Change, 165, 67.

Takayanagi, K., Sakami, T., Shiraishi, M., Yokoyama, H., 2000. 
Acute toxicity of formaldehyde to the pearl oyster Pinctada 
fucata martensii. Water Resources Research, 34 (1), 93-98.

Teng, H., Masutani, S.M., Kinoshita, C.M., Nihous, G.C., 
1996. Solubility of CO2 in the ocean and its effect on CO2 
dissolution. Energy Conversion and Management, 37 (6-8), 
1029-1038.

Tišler, T., Zagorc-Končan, J., 1997. Comparative assessment 

of toxicity of phenol, formaldehyde, and industrial waste-
water to aquatic organisms. Water, Air, and Soil Pollution, 
97, 315-322.

Ueno, R., Horiguchi, Y., Kubota, S.S., 1984. Study of quality in 
fish and shellfish as food: I. Concentration of formaldehyde 
in various tissues of cultured eel by formalin bath. Bulletin 
of the Faculty of Fisheries, Mie University, 11, 37-42.

U.S. Environmental Protection Agency (EPA), 2017. Wa-
ter sampling and testing for formaldehyde at northwest 
fish hatcheries. Office of Water and Watershed, EPA-
910-R-17-005. 

U.S. Environmental Protection Agency (EPA), 2019. Proposed 
designation of formaldehyde as high-priority substance for 
risk evaluation. Office of Chemical Safety and Pollution 
Prevention, CASRN 50-00-0.

Wahed, P., Razzaq, M.A., Dharmapuri, S., Corrales, M., 2016. 
Determination of formaldehyde in food and feed by an in-
house validated HPLC method. Food Chemistry, 202. 

World Health Organization (WHO), 1989. International pro-
gram on chemical safety, environmental health criteria 89: 
Formaldehyde.

Xu, D., Rogers, A., 1993. Formaldehyde residue in striped bass 
muscle. Journal of Aquatic Animal Health, 5, 306-312.

Xu, D., Rogers, A., 1995. Formaldehyde residue in the muscle 
of nile tilapia. Asian Fisheries Society, 8, 81-88.

Yamagata, M., Low, L.K., 1995. Rapid determination of for-
maldehyde in banana shrimp, Penaeus merguiensis. Jour-
nal of Food Science, 60, 718-720.

Yumura, T., Amenomori, T., Kagawa, Y., Yoshizawa, K., 2002. 
Mechanism for the formaldehyde to formic acid and the 
formic acid to carbon dioxide conversions mediated by an 
iron-oxo species. The Journal of Physical Chemistry, 106 
(4), 621-630.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

