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Technical Note

Abstract 

The new generation of antifouling biocides, as well as other emerging contaminants, has not yet been included in sediment 
quality guidelines or present standard protocols for sediment spiking. Most of these biocides have short half-lives in water, but 
little information is available regarding their degradation in sediments. Thus, there is a need to establish a reliable duration of 
the equilibrium phase for sediment spiking prior to sediment toxicity testing to determine the actual exposure concentrations 
during ecotoxicological tests. This study aimed to evaluate the degradation of DCOIT, Irgarol, Diuron, and Dichlofluanid 
during a spiking equilibrium phase of 24 h at three different time intervals (0, 6, and 24 h) and concentrations (10, 100, and 
1000 ng g-1), by applying kinetic degradation models. The models presented a better fit for the 1000 ng g-1 treatments, in which 
the half-lives of DCOIT and Diuron were < 5 h, Dichlofluanid < 2 h, and Irgarol < 6h. Our results also indicate that, except 
for Dichlofluanid, the degradation rates of the other antifouling biocides were reduced dramatically after 6 h of equilibrium. 
Therefore, an equilibrium phase of 24 h (or greater than 6 h) was considered viable for sediment spiking. Our findings provide 
valuable information to guide future sediment toxicity tests using these compounds.
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INTRODUCTION 

The marine biological fouling, or biofouling, is a natural 
ecological succession process in which different species 
colonize anthropogenic surfaces immersed into the seawater 
(Yebra et al., 2004; Campos et al., 2022). Biofouling 
organisms involve species of different trophic levels, such as 
bacteria, diatoms, macroalgae, tunicates, barnacles, mussels 
or tubeworms, and others (Chen & Lam, 2017). Biofouling in 
human-made structures is related with extensive socioeconomic 
and environmental impacts (Dafforn et al., 2011) in the shipping 
industry, bioinvasion (Fernandes et al., 2016), and structural 
instability and failure of fixed structures such as bridges, buoys, 

and aquaculture cages (Maki & Mitchell, 2003). The most 
employed strategy to deal with biofouling in human-made 
structures is the application of antifouling paints containing 
toxic biocide substances that form a protective chemical 
layer against foulers settlement (Voulvoulis, 2006).

Antifouling paints are specially designed to cope with 
biofouling in human-made structures through the continuous 
release of biocides, thus creating a protective chemical 
barrier against the target species (Yebra et al., 2004). The 
lack of a systematic assessment of the environmental risk 
of these biocides may allow the emergence of new threats 
to the marine environment, as recently recognized for 
Irgarol 1051, which was banned from the European Union 
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(EU) in 2017 due to its persistence and high toxicity (Campos 
et al., 2022). Along with Irgarol, the literature also reports that 
other biocides such as 4,5-Dichloro-2-octyl-3-isothiazolone 
(DCOIT), Dichlofluanid, Chlorothalonil, Diuron, and ZnPT 
have harmful effects on non-target organisms (Martins et al., 
2018). In addition, studies regarding their toxicity to benthic 
species and environmental monitoring in marine sediments 
are scarce, representing an important gap in environmental 
hazard and risk assessments of these compounds.

Sediment compartment represents an important route of 
contaminant exposure to marine organisms and consequently 
affects the entire ecosystem (Chapman et al., 2002; Maranho 
et al., 2009). Benthic organisms contribute to the conversion 
of energy, mass, and nutrients between benthic and pelagic 
zones, a process also known as benthic-pelagic coupling 
(Marcus & Marcus, 1998). In addition, sediment bioturbators 
such as polychaetes, amphipods, and copepods are considered 
ecosystem engineers and contribute to the maintenance of 
marine biodiversity and ecosystem functioning (Caliman et 
al., 2013).

The laboratory toxicity assessment of xenobiotics towards 
benthic species is usually carried out through the artificial 
contamination of pristine sediment in a process known as 
sediment spiking, followed by ecotoxicological tests in which the 
test organisms are exposed to the contaminated sediment. There 
are three main guidelines for sediment spiking proposed by the 
USEPA (2001), Environment Canada (1995), and ASTM (2008) 
respectively. These guidelines recommend an equilibrium phase, 
where the newly contaminated sediment is kept refrigerated and 
in the dark for a certain period, allowing the system to reach 
chemical equilibrium or a steady-state phase. The equilibrium 
phase duration may vary according to the degradation rate and 
physicochemical nature of the contaminant; and it may range 
from hours (low Kow values) to months for organic contaminants 
with high Kow values (Kow > 6).

Antifouling biocides are not yet included in sediment 
quality guidelines and have not been considered in sediment 
spiking protocols, hampering the proper assessment of their 
ecological risks. Most of these biocides have short half-lives 
in water and little (or no) information regarding their fate and 
behavior in sediments (Campos et al., 2022). Therefore, during 
a sediment spiking procedure, the appropriate period for the 
equilibrium phase remains unknown, and this uncertainty 
can drastically influence the determination of the effective 
concentration during toxicity tests. The objective of this 
study was to evaluate the half-life and degradation kinetics 
of DCOIT, Irgarol, Diuron, and Dichlofluanid in spiked 
sediments during the equilibrium phase of 24 h. Our findings 
may guide future sediment toxicity tests of these compounds.

MATERIAL AND METHODS

Chemicals 

The DCOIT (4,5-dichloro-2-n-octyl-4-isothiazolin-3-
one), Irgarol 2(-metiltio-4-terbutilamino-6-ciclopropilamino-
s-triazina), Diuron (1-dimethylurea), and Dichlofluanid 
(N-[dichloro(fluoro)methyl]sulfanyl-N-(dimethylsulfamoyl)
aniline) were purchased from Sigma Aldrich (Brazil) with 
purity > 99%. Stock solutions were prepared using ultrapure 
water (20 ml) and 800 µl of HPLC-grade acetone (Sigma 
Aldrich, Brazil) as a co-solvent. Stock solutions were further 
used to spike the sediment.

Sediment Spiking

Sediment spiking with antifouling biocides was performed 
in natural estuarine sediments (water content = 18.91%, 
organic matter = 3.99%, CaCO3 = 1.24%, sand = 94.76% 
(very coarse sand = 0.02%, coarse sand = 0.03%, medium 
sand = 1.93%, fine sand = 46.23%, very fine sand = 41.02%, 
silt and clay = 5.5%) sampled in the South of the Lagamar 
Protected Area located in Cananéia, in the State of São Paulo, 
Brazil. This region is considered a reference site because of 
its high biodiversity, low contamination status, and absence 
of relevant anthropogenic impacts (Campos et al., 2016; Cruz 
et al., 2014). 

The sediment spiking technique was based on the slurry 
method (USEPA, 2001) adapted by Perina et al. (2023). Three 
aliquots of 300 g of wet sediment were contaminated with 
DCOIT, Irgarol, Diuron, and Dichlofluanid from stock solutions, 
and diluted in acetone, at the following concentrations: 10 ng 
g-1, 100 ng g-1, and 1000 ng g-1 (e.g., 10 ng g-1 sediment aliquot 
contained all four biocides in the corresponding concentration). 
The sediment was thoroughly homogenized for 30 min using a 
glass rod. To reach equilibrium, the sediment was kept in the 
dark at 4 °C for 24 h. The control sediment (no biocide added) 
also underwent all processes.

Degradation Kinetics

During the spike equilibrium phase, three aliquots 
(surface, middle, and bottom) of 2 g of sediment column 
were taken at three distinct time intervals: T0, just after 
the contamination (with no equilibrium); T6, 6 h from 
contamination; and T24, 24 h from contamination; these 
sediments were used for quantification of the respective 
biocide concentrations. The choice for these time intervals 
considered the existing literature stating that DCOIT rapidly 
degrades in the environment (Jacobson & Willingham, 2000; 
Sakkas et al., 2002; Willingham and Jacobson, 1997). Steen 
et al. (2004) showed that in field DCOIT degraded with a rate 
constant in the order of 1 h-1. The three aliquots representing 
different areas of the sediment containers were taken to test 
the homogeneity of the spike method and evaluate biocide 
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degradation over time. Before quantification, each aliquot was 
cooled at -80°C for 30 min and lyophilized for subsequent 
extraction and analyses.

Extraction and Liquid Chromatography Analysis

DCOIT, Irgarol, Diuron, and Dichlofluanid were extracted 
according to the procedures described by Abreu et al. (2020), 
in which 1 g of dry sediment was weighed in 25 mL glass 
vials. The samples were spiked with 100 µL of Atrazine 
D5 (100 ng L-1, surrogate standard), after which 10 mL of 
acetonitrile was added. Next, the samples were then mixed 
for 1 min, sonicated (50 ºC for 30 min), and centrifuged (4000 
rpm for 7 min). This step was repeated thrice. The resulting 
supernatants were combined and evaporated (Syncore®) to a 
volume of 1 mL. The extracts were cleaned by solid-phase 
extraction (SPE) using C18 cartridges previously activated 
with 4 mL ethyl acetate and ultrapure water (Milli-Q®). The 
extracts were diluted with 50 ml of ultrapure water, passed 
through SPE cartridges, dried for 1 h, and then eluted 2 times 
using 2 mL of ethyl acetate. The eluates were decreased in 
volume under nitrogen flow to 1 mL before being transferred 
to a new vial with methanol. All obtained sediment extracts 
were analyzed in triplicate. The samples were analyzed 
by gas chromatography using liquid chromatography with 
mass spectrometry (LC-ESI –MS/MS; Alliance Separations, 
Waters).

Quality assurance and quality control (QA/QC) procedures 
were based on regular analysis of blanks, spiked matrices, 
and certified reference material (CRM – PACS-3, National 
Research Council of Canada, Ottawa, Canada). Limits of 
detection (LOD) and quantification (LOQ) were calculated by 
the signal to noise ratio; for Diuron and Irgarol the LD and LQ 
were 0.5 and 1 ng g-1 respectively, for DCOIT these values were 
1 and 3 ng g-1, and for they were Dichlofluanid 1 and 5 ng g-1.

Statistical analyses and degradation kinetics modeling

To verify the success of the homogenization process, the 
coefficient of variance (CV) between the surface, middle, and 
bottom of the sediments collected from the spiking container 
was calculated for each biocide, as shown in Eq. 1.

  

CV = coefficient of variance; SD = standard deviation

The time taken for a 50% decline in mass or concentration 
(DT50 or half-life) of each biocide was calculated through 
degradation kinetics models using the “xxDeg” R package, 
based on NAFTA (2015) and USEPA (2015) guidelines for 
the degradation kinetics of pesticides in environmental media. 
For DCOIT and Dichlofluanid, the degradation kinetics were 
calculated for the 1000 ng g-1 treatment, and the following 
models were evaluated: bi-exponential model (DFOP) and 
First-Order Multi-Compartment model (FOMC). For Irgarol 
and Diuron, all three concentration treatments (10, 100, and 
1000 ng g-1) were assessed using DFOP, FOMC, Single first-
order kinetics (SFO), and Hockey-stick model (HS).

Due to the limited time intervals (3) the model fitting 
could not be assessed statistically, just by the comparison of 
the residuals and visual inspection (both are also considered 
according to the guidelines). The presented models were 
chosen based on fitting. We acknowledge that the absence of 
statistical fitting validation may be a limitation; however, our 
results and discussion provide a first glance at the degradation 
of such compounds in sediment, providing important data that 
can be used in further and more detailed studies.

RESULTS AND DISCUSSION

The concentrations of antifouling biocides at each time, 
as well as the CV for homogenization in each treatment, 
are presented in Table 1. Dichlofluanid presented the worst 
homogenization with a CV > 30%, indicating heterogeneity 
of the data. The results of DCOIT, Irgarol, and Diuron, were 
similar, with better homogenization at 1000 and 100 ng g-1. 
The worst CVs were found at 10 ng g-1, with values >30% 
at T0 and T24 for all biocides. Overall, these results indicate 
that spiking procedures with higher concentrations are easier 
to achieve and homogenize (Figure 1). The USEPA (2001) 
guidelines suggest the use of a 4 h continuous homogenization 
or 60 s homogenization twice a day for one week, but these 
two procedures are impractical for some of the antifouling 
biocides studied herein due to their short half-lives.

(Eq. 1)
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Table 1: Concentrations of antifouling biocides in T0, 6 and 14 h after spiking under equilibrium condition. Letters a, b, and c 
indicate the coefficient of variance between the aliquots from surface, middle and bottom.

Antifouling Biocides
Nominal concentration

(ng.g-1) 
Time

T0 6 h 24 h

DCOIT 

(LD = 1; LQ = 3)

Blank <LQ <LQ <LQ

10 3.5 ± 1.1b <LQ <LQ

100 4.88 3.5 ± 0.3a 3.5 ± 0.8b

1000 7616.8 ± 1226.2a 3480.7 ± 776.6b 2558.9 ± 337.6a

Diuron 

(LD = 0.5; LQ = 1)

Blank <LQ <LQ <LD

10 22.6 ± 7.7c 15.2 ± 1.1a 13.8 ± 4.7c

100 214.6 ± 61b 194.2 ± 14.6a 174.5 ± 29.2a

1000 4694.3 ± 241.4a 1977.6 ± 337b 1712.6 ± 177.0a

Irgarol

 (LD = 0.5; LQ = 1)

Blank <LQ <LQ <LQ

10 26.2 ± 7c 18. ± 2.8a 16.8 ± 5.4c

100 180.9 ± 14.6a 166.3 ± 35.7a 159.2 ± 30.8c

1000 4882.5 ± 268.8a 2369.2 ± 584.4c 2029.4 ± 244.7a

Dichlofluanid 

(LD = 1; LQ = 5)

Blank <LQ <LD <LQ

10 <LD <LQ <LD

100 <LQ <LQ <LQ

1000 1189.5 ± 460.4c 157.7 ± 36c 16.9 ± 7.4c

a = CV ≤ 15% = homogeneous data; b = 30% ≤CV> 15%; = average dispersion; c= CV> 30% = heterogeneous data.

Figure 1. Coefficient of variance (CV) between surface, middle, and bottom of the spiking container for each tested concentration (10 ng g-1, 100 ng g-1, and 
100 ng g-1). CV represents the success of the homogenization process, where CV ≤ 15% = homogeneous data; 30% ≤ CV > 15% = average dispersion; CV > 

30% = heterogeneous data.
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Figure 2. Degradation kinetics of DCOIT (1000 ng g-1), under Hockey-stick model (HS), Bi-exponential model (DFOP) and the Gustafson and Holden 
model (FOMC) with their respective time taken for a 50% decline in concentration (half-life = DT50).

The antifouling biocides presented a fast initial degradation 
phase followed by a slower one, which is a classic pattern 
of biphasic degradation kinetics. In the present study, single 
first-order kinetics (SFO) and three biphasic degradation 
models (HS, DFO, and FOMC) were evaluated to describe 
the degradation of the tested substances. Data were presented 
only for models that could run the available dataset.

The HS model consists of two sequential first-order 
curves; it assumes that the biocide concentration initially 
declines according to first-order kinetics with at a constant rate 
k1. At a certain time, the constant rate changes to a different 
value (k2). The FOMC model considers the sediment matrix 
to be heterogeneous, and this is accounted for the model by 
dividing the soil into many sub-compartments each with a 
different first-order k1. The DFOP model addresses nonlinear 
degradation by calculating two degradation coefficients that 
are later integrated (FOCUS, 2006).

The tested models calculated inconsistent half-life values 
for biocides that did not achieve ≥50% degradation. This 
pattern occurred mainly at the lowest concentrations (10 – 100 
ng g-1), where the observed degradation over 24 h ranged from 

0% to 36% (far below the 50% threshold). For these cases, we 
considered that the model’s results were unreliable and that 
new analyses would require more sampling points and longer 
experiments. Even so, sharing this data with the scientific 
community is essential, as it provides important information 
and insights for future work. On the other hand, for all 
biocides at 1000 ng g-1, the degradation was greater than 50% 
during the experiment, and the models were consistent, so we 
considered these data to be much more accurate and reliable. 

DCOIT was not detected at 10 ng g-1 and showed no 
degradation at 100 ng g-1 for 24 h. At 1000 ng g-1, T6 and T24 
presented degradation rates of 54% and 66%, respectively. 
Figure 2 shows the degradation kinetics of the DCOIT. The 
half-life ranged from 2.38 h in the DFOP model to 4.87 h in 
the HS model.

Thomas et al. (2003) corroborate our results by calculating 
a half-life <0.5 days for DCOIT. Because of the high log Koc 
of DCOIT (4.19), it tends to bind and be partitioned into the 
sediment, which may act as a reservoir for DCOIT (Chen & 
Lam, 2017). DCOIT has been detected in marine sediments 
worldwide (Campos et al., 2022) at concentrations up to 281 ng 
g-1 in some harbors, as observed in Korea by Lee et al. (2015).
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Similar to DCOIT, Diuron presented biphasic degradation 
kinetics (figure 3). At 10 ng g-1, the degradation rates at T6 and 
T24, compared with T0, were 33% and 39%, respectively. At 
100 ng g-1, these rates were 10 % and 19%, respectively, while 
at 1000 ng g-1, they were 58% and 64%. The degradation 
kinetics model for 10 ng g-1 indicated a half-life of 493 h by 
the FOMC model, 70.8 h by the DFOP model, and 39.9 h by 
the SFO model, owing to the high residue (difference between 
measured and estimated concentration). At 100 ng g-1, only 
the SFO model could calculate the half-life (84.7 h, cf. Figure 
4), which we considered unreliable because of the observed 
degradation, indicating that this model was not suitable for 
the dataset. For the 1000 ng g-1 treatment, the FOMC, DFOP, 
and HS models presented more similar half-lives, determined 
as 1.15, 2.97, and 4 h, respectively (Figure 5).

Diuron has a well-documented persistence in the marine 
environment (Faÿ et al., 2018), with a half-life in seawater 
ranging from 1 month to 1 year, depending on environmental 
conditions (Dafforn et al., 2011). Biodegradation is the 
primary route of its degradation. A Diuron high Koc of 4.85 
indicates a high sediment adsorption capacity and, therefore, a 
heterogeneous partition in soil (Giacomazzi & Cochet, 2004). 
Thomas et al. (2003) determined, through a pseudo-first order 
kinetic model, that Diuron has an anaerobic half-life of 14 
days in marine sediments. The highest Diuron concentration 

in coastal sediments (0.14 µg g-1) was found in Korean harbor 
areas (Lam et al., 2017).

Irgarol at 10 ng g-1 presented degradation rates of 31% and 
39% at T6 and T24, respectively, compared with T0. These 
data indicate that after 6h the degradation rate decreased, and 
the degradation rate reached a “steady” state (Figure 6). The 
FOMC and DFOP models indicate half-lives of 5379 h (7.3 
months) and 109 h (4.5 days), respectively. For 100 ng g-1, 
Irgarol degraded 9% and 19% at T6 and T24, respectively, 
compared to T0, and exhibited the same equilibrium pattern 
after 6 h. The FOMC and SFO models indicated half-lives of 
6.9x108 h and 145 h, respectively (Figure 7). The observed 
concentrations did not reach the 50% degradation threshold 
during the experiment, and because of the limited time points, 
the model could not properly estimate the half-life, resulting in 
inconsistent half-life values. Considering that the SFO model 
for 100 ng g-1 gave a half-life value similar to that of the DFOP 
model for 10 ng g-1, we considered that 145 h from the SFO 
was more reliable than the value produced by the DFOP. At 
1000 ng g-1, T6 and T24 degraded 51% and 58%, respectively, 
compared to T0. The half-lives for the three tested models 
were consistent, and the results indicated respective values 
of 4.5 h (FOMC model), 5.2h (DFOP model), and 5.5 h (HS 
model) (Figure 8).

Figure 3. Degradation kinetics of Diuron for 10 ng g-1 Spiking, under Single first-order kinetics (SFO), Bi-exponential model (DFOP) and the Gustafson and 
Holden model (FOMC) with their respective time taken for a 50% decline in mass or concentration (half-life = DT50).
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Figure 4. Degradation kinetics of Diuron for 100 ng g-1 Spiking, under Single first-order kinetics (SFO) with their respective time taken for a 50% decline in 
mass or concentration (half-life = DT50).

Figure 5. Degradation kinetics of Diuron for 1000 ng g-1 Spiking, under Hockey-stick model (HS), Bi-exponential model (DFOP) and the Gustafson and 
Holden model (FOMC) with their respective time taken for a 50% decline in mass or concentration (half-life = DT50).
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Figure 6. Degradation kinetics of Irgarol (10 ng g-1), Bi-exponential model (DFOP) and the Gustafson and Holden model (FOMC) with their respective time 
taken for a 50% decline in mass or concentration (half-life = DT50).

Figure 7. Degradation kinetics of Irgarol (100 ng g-1), under first-order kinetics (SFO) and  and the Gustafson and Holden model (FOMC) with their 
respective time taken for a 50% decline in mass or concentration (half-life = DT50).

Figure 8. Degradation kinetics of Irgarol (1000 ng g-1), under Hockey-stick model (HS), Bi-exponential model (DFOP) and the Gustafson and Holden model 
(FOMC) with their respective time taken for a 50% decline in mass or concentration (half-life = DT50).
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Irgarol has a relatively long half-life of up to 350 days 
in seawater (Omae, 2003). Thomas et al. (2003) observed no 
degradation of Irgarol during 12 days in marine sediment. In 
addition, Irgarol has been detected in sediments worldwide 
at concentrations of up to 89 μg kg−1, as found in a Brazilian 
harbor (Viana et al. 2019). Our data indicate that the half-
life of Irgarol varies significantly depending on the spiked 
concentration, even with the same sediment and equilibrium 
parameters (temperature and light). Nevertheless, the results 
obtained to the 1000 ng g-1 treatment were more consistent. 
In addition, all treatments indicated that after 6 h, Irgarol 
degradation slowed down, and the concentration stabilized 
(at least up to 24 h analyzed). Considering such stabilization, 
an equilibrium phase period of 24h should be adequate for 
sediment spiking procedures. Yet, biocides degradation is 
highly susceptible to biodegradation and dependent on the 
physicochemical properties of the media (Thomas 2001; 
Koning et al, 2021). Fine sediments with high organic matter 
content have high adsorbing ability and tend to be anoxic, 
with an anaerobic microbial community. Coarse sediments 
tend to have lower organic matter content and adsorption 
capacity, which may result in xenobiotics (or their degradation 
products) partitioned into the interstitial water (Campos et al. 
2016; Viana et al, 2019). Accordingly, Gatidou et al. (2007) 
observed a strong correlation between antifouling biocide 
concentrations, such as Irgarol, and sediment physicochemical 
properties, namely a positive correlation with particles <63 
μm, and a negative correlation with pH and organic carbon. 
In the present study, the sediment tested was sandy, with low 
organic matter content. Thus, we highlight that the behavior 
of such biocides in muddy and/or organically rich sediments 
may differ from that reported in the present study.

Dichlofluanid was only detected at 1000 ng g-1, with 
degradation rates of 87% and 99% at T6 and T24, respectively. 
The FOMC and DFOP presented similar half-lives of 1.436 
and 1.92 h, respectively. Dichlofluanid was the biocide with 
the lowest half-life. This compound has low solubility in 
water (< 2 mg L-1) and Log Koc of 3.7 (Wezel & Vlaardingen, 
2004). Despite its low solubility, accumulation in sediment is 
unlikely to occur due to its rapid degradation in water (half-
life of 1.2 h in seawater). Hamwijk et al. (2005) observed half-
lives ranging between 1.2 and 3 h in water-sediment systems 
at 20°C and pH 7.5 - 8.1. Thomas et al. (2003) corroborate 
our results, by the determination of half-lives of <0.5 days 
for Dichlofluanid. Despite its rapid degradation, the highest 
observed environmental concentrations of Dichlofluanid in 
coastal sediments range from 0.016 µg g-1 in Brazil (Abreu 
et al., 2020) to 0.8 µg g-1 in Malaysia (Mukhtar et al., 2019). 
Additionally, Koning et al. (2021) observed that in water/
sediment systems, Dichlofluanid rapidly hydrolyses into 
N,N-dimethyl-N′-phenylsulfamide (DMSA) which, in turn, 
degrades quantitatively to form N,N-dimethylsulfamide (N,N-
DMS) in marine systems; according to these authors, N,N-
DMS is persistent in marine systems. Thus, the formation 
and toxicity of by-products and their partitioning into 
porewater need to be considered in studies regarding sediment 
contamination and toxicity due to antifouling biocides.

The tested antifouling biocides showed bi-phasic 
degradation kinetics with two distinct degradation rates (K1 
and K2) divided by a breakpoint (observed to be within 6 h). 
The K1 corresponded to a sharp and exponential degradation 
rate; after the breakpoint, the degradation rate (K2) reduced 
drastically and assumed a linear pattern. Therefore, we 
considered 24 h a viable time for the spike equilibration phase 
since after 6 h the concentrations tend to stabilize and be more 
reliable for ecotoxicological testing (apart from Dichlofluanid, 
which completely degraded within 24h).

CONCLUSION

Our data indicate that the 24 h equilibrium phase during the 
spiking procedure is adequate for DCOIT, Irgarol, and Diuron, 
which presented a significant reduction in the degradation after 
6h (breaking point). However, studies regarding the fate and 
effects of these compounds should consider their respective 
initial concentrations and the degradation rates the compound 
will undergo during the process. In our study, at 1000 ng g-1, 
the half-lives of DCOIT and Diuron were < 5 h, while the half-
lives of Dichlofluanid were < 2 h and for Irgarol, 6h. Regarding 
Dichlofluanid, in 6h it presented a degradation of >90%, thus 
indicating that the 24 h period of equilibrium is not suitable 
for this compound. However, because the degradation of these 
biocides forms stable by-products, such compounds should also 
be considered when sediments spiked with these biocides are 
being assessed for chemical composition and toxicity.
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