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1. Executive summary 

On 7 November 2025, the APVMA issued an emergency permit for the use of florfenicol to treat the 
bacterial disease Piscirickettsia salmonis across farmed salmon populations in the south-eastern biosecurity 
zone in Tasmania. In response, the EPA committed to undertaking an environmental risk assessment of 
florfenicol within the marine environment.  

The EPA formed the view that to undertake a rigorous and contemporary risk assessment on the impact of 
florfenicol to the Tasmanian marine ecosystem, the following steps were required:  

1. Knowledge capture: undertake a comprehensive literature review of florfenicol and its associated 
breakdown products (metabolites) to understand their chemical properties, transport and fate in the 
environment and the effect of exposure on aquatic organisms; 

2. Environmental data collection: issue of antibiotic residue monitoring schedules to each 
Environmental Licence holder intending to treat fish with florfenicol under the APVMA permit.  These 
schedules, informed by the literature review, were designed to ensure that adequate data was collected 
to inform the risk assessment and strengthen knowledge on the environmental fate and behaviour of 
florfenicol and florfenicol amine within the marine environment;  

3. Development of default guideline values (DGVs) for florfenicol: derive interim DGVs (using 
the best available scientific information) following the framework established under the National Water 
Quality Management Strategy for evaluating the impacts of toxicants and other pollutants on 
environmental water quality; 

4. Risk assessment: compilation of all lines of evidence to develop a scientifically robust assessment of 
the risk of measured florfenicol residues to aquatic ecosystems in Tasmania’s marine environment.  

The outcome of this work has resulted in the EPA developing a solid understanding of the environmental 
impacts of florfenicol in aquatic environments, and establishment of a highly conservative interim DGV 
(based on the national framework) to identify unacceptable impacts. The interim DGV adopted for 
florfenicol is the PC95 value of 50 µg/L. The PC95 value is the appropriate level of protection (95% of 
species) for slightly to moderately disturbed ecosystems. The waters of the D’Entrecasteaux Channel, 
North-West Bay and associated marine reserves have all been classified as “modified (not pristine) 
ecosystems”.  

The environmental monitoring data collected between 7 November 2025 and 24 March 2026 is the largest 
and most comprehensive environmental dataset globally on the fate and concentration of the antibiotic 
florfenicol and its metabolite (florfenicol amine) in the marine environment. This information is critical to 
supporting a contemporary environmental risk assessment of florfenicol in the Tasmanian marine 
environment. 

Environmental monitoring specified by the EPA has resulted in 4,240 measurements of sediment and water 
samples for florfenicol and florfenicol amine. These samples were collected during and after treatment, 
across multiple depths within the water column, at two depths within the sediments, and at varying 
distances from each treated location, including at 11 reference sites. Only 495 (12%) of the water and 
sediment measurements were above the limit of reporting, with the remaining 3,745 measurements (88%) 
below the limit of reporting. Furthermore, none of the water sample measurements of florfenicol exceeded 
the interim DGV (PC95) that applies to the waters of the D’Entrecasteaux Channel and Huon Estuary, or 
the more conservative interim DGV (PC99) that would apply in pristine or high conservation value waters. 
The highest value recorded adjacent to a treated fish-pen within the lease during the treatment of 
florfenicol was 5.2 µg/L, which is ten times lower than the PC95 interim DGV.  

While florfenicol amine does not have an interim DGV, taking the conservative assumption that it has the 
same toxicity as florfenicol (as suggested in the scientific literature) all 1,280 water sample measurements of 
florfenicol amine were below 50 µg/L. The highest value measured was 4.2 µg/L adjacent to a treated fish-
pen during treatment.  

Within the sediment, florfenicol was very localised, only being observed at a limited number of sites in 
close proximity to treated leases. Highlighting its tendency to dissipate and breakdown, concentrations of 
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florfenicol, across both water and sediment samples, returned to concentrations below the level of 
reporting within 7 days after treatment cessation.   

Together, the extensive literature review, environmental monitoring and interim DGV make up a 
comprehensive and contemporary environmental risk assessment, that has identified a low risk of 
unacceptable harm to Tasmania’s aquatic environment (excluding bacterial communities) from the 2025 – 
2026 florfenicol treatment event.  

The EPA acknowledges that the study of the effects of antibiotics within the environment is highly complex 
due to multiple variables that can affect the fate, longevity and interaction of antibiotics in the environment. 
While this environmental risk assessment provides significant advances in our understanding of florfenicol 
within the environment and its toxicity to aquatic organisms, it has not addressed the effects on the 
bacterial community, including the development of antimicrobial resistance. Work to address this 
knowledge gap is currently being undertaken by the Institute for Marine and Antarctic Studies, University of 
Tasmania, using samples collected before, during and after the initial treatment events. The results of this 
study will be published on completion and incorporated in future updated risk assessments. 

Future ecotoxicological studies on the effects of florfenicol and florfenicol amine at environmentally 
relevant concentrations would enable the EPA to revise and update this risk assessment as appropriate. 
This will ensure that the risk assessment remains current, and alongside ongoing environmental monitoring, 
will enable impacts of any future florfenicol applications within Tasmanian’s marine environment to be 
sustainably managed.  
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2. Introduction and scope 

In response to the outbreak of the bacterial disease Piscirickettsia salmonis (previously referred to as the 
East Coast variant of the Tasmanian Rickettsia-Like Organism or TRLO-EC) across Tasmanian farmed 
salmon populations in 2025 (NRE Tasmania, 2025), the industry applied to the Australian Pesticides and 
Veterinary Medicines Authority (APVMA) for an emergency permit to use the antibiotic florfenicol 
(APVMA, 2026a).  

Florfenicol is a broad-spectrum antibiotic, commonly used in veterinary medicine globally. It is used to treat 
a number of bacterial diseases in a wide variety of farmed animals for human consumption, including cattle, 
poultry, swine, rabbits as well as farmed aquatic animals. Florfenicol plays an important role in managing 
bacterial disease outbreaks in aquaculture, including salmon aquaculture in Chile, Canada, Scotland, and 
Norway (Abraham & Bardhan 2026). Like all antibiotics, while their application can provide significant 
health benefits for the target species, their use in the marine environment and interaction with non-target 
species has the potential to result in unintended environmental consequences (Abraham & Bardhan 2026). 

In response to the application to the APVMA, an emergency permit was issued for the use of florfenicol 
(ABBEYFLOR PREMIX, permit number: PER96499) at salmon farm leases within the south-eastern 
biosecurity zone of Tasmania on 7 November 2025. The APVMA permit was later suspended on 4 March 
2026 due to trade implications associated with non-target wild fisheries species (APVMA, 2026b).  

Upon receipt of the APVMA permit and confirmation from Environmental Licence holders (by way of 
multiple medical authorities) of their intended use of florfenicol, the EPA issued monitoring schedules to 
relevant Environmental Licence holders. These monitoring schedules specified therapeutant residue 
monitoring requirements in association with the application of florfenicol at each lease. The monitoring 
schedules were developed through review of scientific literature to support environmental and health risk 
assessments for the use of florfenicol in Tasmanian State waters.  

Given the broadscale use of florfenicol to treat fish disease across nine marine farming leases within the 
D’Entrecasteaux Channel and Huon River Marine Farming Development Plan Area, the EPA decided to 
undertake an ‘environmental risk assessment’.  

This risk assessment outlines our current understanding of the environmental risks associated with the use 
of florfenicol within the marine environment, with a focus on the fate, concentration of exposure and 
potential environmental effects of florfenicol within the water column and sediment in the D’Entrecasteaux 
Channel and Huon Estuary, Tasmania. The scope of this risk assessment includes:  

• understanding the risks associated with florfenicol application within the broader aquatic environment 
through a review of relevant scientific and grey literature; 

• establishing interim default guideline values for florfenicol within the aquatic environment;  

• understanding the fate (concentration and spatial distribution) of florfenicol within the marine 
environment after its application at nine leases within south-eastern Tasmania;  

• assessing the environmental risks associated with the use of florfenicol in Tasmanian state waters; 

• highlighting any knowledge gaps and areas for future focus, relating to the risk assessment.  

 
While it is acknowledged that impacts on the microbial community (including the potential for development 
of genetic resistance to antibiotics) are important, the assessment of environmental risk to the microbial 
community is beyond the scope of this report as it requires specialist sampling design and data analysis. A 
project to address this topic is underway by the Institute for Marine and Antarctic Studies, University of 
Tasmania, who will provide a separate report to address the risk of florfenicol to the microbial community.  
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3. Literature review: understanding florfenicol and its 
metabolites 

3.1. Chemical properties  
Designed exclusively as a veterinary therapeutic, florfenicol has been used in aquaculture for a number of 
decades (Armstrong et al. 2005; Sams 1995; Serrano 2005). It is a synthetic broad-spectrum antibiotic that 
works by inhibiting protein synthesis within bacterial cells and reducing vigour (growth and replication) 
thereby allowing the host organism’s immune system to overcome infection (Armstrong et al. 2005; Guo 
et al. 2024a; Trif et al. 2023). Florfenicol is suitable for application to anerobic and aerobic bacteria, 
including gram-positive and gram-negative bacteria and some types of rickettsia (Armstrong et al. 2005; Trif 
et al. 2023).  

To understand florfenicol’s fate and transport within the marine environment it is important to understand 
its physico-chemical properties. A summary of the physico-chemical properties of florfenicol are provided 
in Table 1. Florfenicol has a chemical formula of C12H14Cl2FNO4S and a molecular weight of 358.21 g/mol 
(Cuica 2018). While publications quantifying the physico-chemical properties of florfenicol are limited, 
existing literature suggests that florfenicol will generally have a preference to remain in the water column, 
with low affinity to bind strongly with sediment, organic matter or dissolve in fat (Table 1 and references 
therein). A low log Kow (n-octanol-water partition coefficient) value is often regarded as a predictor of low 
bioaccumulation potential for toxicants, however its reliability at accurate prediction varies depending on 
the specific chemical make-up of the toxicant in question (Beek et al. 2000). While florfenicol has a low 
log Kow (Intervet Inc. 2013; Jara et al. 2022), additional understanding of its behaviour in the environment 
would be required to fully assess its tendency for bioaccumulation. Based on known chemical properties, 
florfenicol is unlikely to accumulate in marine sediments.  

Under inorganic conditions (i.e. not in the presence of organisms), florfenicol is reported to be relatively 
stable in seawater, with little to no degradation by hydrolysis or photolysis under natural conditions (Table 
1; Ge et al. 2009; Mitchell et al. 2015; Pouliquen et al. 2007). An increase in florfenicol hydrolysis has been 
reported under conditions of pH less than 5 and greater than 8 and with increasing temperature (Mitchel et 
al. 2015). In deionised water, Zhang et al. (2016) report that the rate of florfenicol photodegradation 
(photolysis) appears to change proportionally with its concentration, while other factors may also be at 
play.   

In the presence of organisms, florfenicol is quickly taken up (by organisms) and broken down into its 
metabolites (Sams 1995). Studies exploring the pharmacokinetics of florfenicol in fish have reported a range 
of half-lives for florfenicol elimination in fish tissues (Table 2) from 10 – 43 hours. While the environmental 
conditions (e.g. water temperature) relating to each study have not been compared within this review, all 
fish species included in Table 2 have reached a half-life within hours to days, suggesting that this timeframe 
is applicable to a broader cross section of fish species. Few studies are available exploring the 
pharmacokinetics of florfenicol on invertebrates, however a paper by Fang et al. (2013) reports an 
elimination half-life of 17.36 – 18.32 hours for the Pacific white shrimp (Litopenaeus vannaei).  
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Table 1. Physico-chemical properties of florfenicol 

Property Florfenicol Interpretation Reference 

Chemical formular C12H14Cl2FNO4S - Cuica (2018) 

Molecular weight 358.21 g/mol - Cuica (2018) 

Water solubility 
1.32 g/L in water at pH 7 

Low, increases with 
increasing temperature 

Soluble at dose 
concentrations 

Intervet Inc (2013); 

Trif et al. (2023); 

Zhang et al. (2022b) 

Log Kd1 

(sediment-water) 

0.62 ± 0.69 

to 

0.67 ± 0.13 

Indicates that florfenicol 
is more likely to remain 

in the water phase rather 
than bind strongly to 

sediment. 

Jara et al. (2022) 

Log Koc2  

(organics in 
sediment - water) 

2.15 ± 0.29 

to 

2.19 ± 0.13 

Indicates weak binding 
preference for organic 

sediments. 
Jara et al. (2022) 

Log Kow3  
(n-octanol-water) 

0.37 

-0.17 to 1.63; 
Relatively low fat 

solubility  
Intervet Inc (2013);  

Jara et al. (2022); 

Photolysis4 

No degradation reported in 
seawater (sea salt mixed 

with pure water).  

Degradation by photolysis 
reported in pure water and 

freshwater 

Florfenicol has been 
reported to undergo 
photodegradation in 

some studies but not in 
others. 

Ge et al. (2009); 

Pouliquen et al. 
(2007); 

Zhang et al. (2016) 

Hydrolysis5 No degradation reported 
Florfenicol is reported to 
be stable in relation to 

hydrolysis 

Mitchell et al. (2015); 

Pouliquen et al. 
(2007) 

 

 

 

 

 

 
1 Logarithm of the Sediment – Water Distribution (or Partition) Coefficient (Kd) which is a parameter that describes 
the ratio of a contaminant (e.g. a toxicant) concentration associated with the solid phase to the contaminant 
concentration associated with the aqueous phase, when the system is at equilibrium (United States Environmental 
Protection Agency, 1999).  
2 Logarithm of the Organic Carbon-Water Partition Coefficient (Koc) which is a measure of an organic chemicals 
tendency to bind to organic matter in sediment or soil compared with its tendency to remain in the aqueous phase.   
3 Logarithm of the n – Octanol – Water Partition Coefficient (Kow) which is a ratio of a chemical’s concentration in 
n – octanol (a fat-like solvent) compared to its concentration in water at equilibrium.  
4 A chemical process where chemical compounds are broken down into smaller units through the absorption of light 
(photons).  
5 A chemical process where chemical compounds are broken down into smaller units by reaction with water. 
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Table 2. Reported half-lives of florfenicol in fish species 

Fish species Florfenicol half-life Reference 

Atlantic salmon 
(Salmo salar) 6 

14.7 hours 

12.2 hours 

Horsberg et al. (1996) 

Martinsen et al. (1993) 

Cod 
(Gadus morhua)6 

43 hours Samuelsen et al. (2003) 

Turbot 
(Scophthamus maximum)6 

21.0 hours de Ocenda et al. (2017) 

Lumpfish 
(Cyclopterus lumpus L.)6 

Plasma: 30 hours Kverme et al. (2019) 

Korean catfish 
(Silurus asotus) 7 

15.69 ± 2.59 hours Park et al. (2006) 

Orange spotted grouper 
(Epinephelus coioides) 

13.92 – 10.05 hours  
depending on the tissue measured 

Feng et al. (2016) 

Snubnose pompano 
(Trachinotus blochii)6 

Bile: 38.25 ± 4.46 hours Sumithra et al. (2023) 

Rainbow trout 
(Oncorhynchus mykiss) 

28.62 – 19.39 hours  
depending on the tissue measured 

Mallik et al. (2023) 

 

Florfenicol amine is generally described as the main and final metabolite of florfenicol in cattle, pigs, 
chickens and fish (including Atlantic salmon, Salmo salar) and is the accepted residue marker for monitoring 
the presence of florfenicol within the environment (Bardhi et al. 2023; Horsberg et al. 1996; Sams 1995). 
Both the European Commission and the APVMA require the sum of florfenicol and its metabolites to be 
measured as florfenicol amine for finfish and all other food producing species (APVMA 2025; Commission 
Regulation (EU) No. 37/2010). Table 3 provides a summary of the physico-chemical properties of florfenicol 
amine. Florfenicol amine has a chemical formula of C10H14FNO3S and a molecular weight of 247.29 g/mol 
(BenchChem Technical Support Team, 2025). 

A number of other intermediary metabolites (including monochloro florfenicol, florfenicol oxamic acid and 
florfenicol alcohol) may also be produced during the breakdown of florfenicol in organisms (Figure 1; 
Bardhi et al. 2023; Mallik et al. 2023; Sams 1995). In Atlantic salmon, all these metabolites have been 
detected, but florfenicol amine is considered the primary and final metabolite (Horsberg et al. 1994).  

As such, depending on the timing of sampling, the prevailing environmental conditions (that are known to 
impact the speed of metabolism) and the species-specific metabolic pathways for florfenicol metabolism 
(Table 2), other metabolites may be present in detectable and relevant concentrations within the tissues of 
organisms. In a study assessing the metabolism of florfenicol in the freshwater fish Tilapia (Oreochromis 
niloticus) florfenicol alcohol was identified as the most persistent and primary metabolite, with florfenicol 
amine making up the second most important metabolite (Queiroga et al. 2024). In both olive flounder and 
cod, no quantifiable florfenicol amine was detected and slower florfenicol elimination from the fish was 
reported, compared with that observed in salmon (Lim et al. 2010; Samuelsen et al. 2003). While 
temperature is known to impact elimination times, Samuelsen et al. (2003) suggest that in this instance, the 
differences observed between cod and salmon are more likely to represent different breakdown pathways.  

 
6 Elimination half-life: time required for a drug’s plasma concentration to decrease by 50%.  
7 Terminal half-life: a specific type of elimination half-life, the time required for a drug’s plasma concentration to 
decrease by 50% during the final, slowest phase of elimination, occurring after pseudo-equilibrium is reached.  
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Table 3. Physico-chemical properties of florfenicol amine 

Property Florfenicol Interpretation Reference 

Chemical 
formular C10H14FNO3S - 

BenchChem 
Technical Support 

Team (2025) 

Molecular weight 247.29 g/mol - 
BenchChem 

Technical Support 
Team (2025) 

Water solubility > 500 g/L in water at 
pH 7 Easily dissolves in water Intervet Inc (2013) 

Log Kd 

(water-sediment) 
No reported values 

found - - 

Log Koc  

(water-organics in 
sediment) 

No reported values 
found - - 

Log Kow  
(n-octanol-water) -0.965  

Highly hydrophilic (water loving) 
and polar with a high affinity for 

remaining in water and unlikely to 
adsorb to organic matter or be 
incorporated into fatty tissues 

Intervet Inc (2013) 

Photolysis No reported values 
found - - 

Hydrolysis No reported values 
found - - 

 

Figure 1. Metabolic pathways identified for florfenicol (taken from Bardhi et al. 2023) 
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3.2. Fate in the marine environment 
Since the 1990s, the number of publications on florfenicol has risen, indicating an increasing awareness of 
the need to improve our understanding of its fate and associated risks within the environment (Guo et al. 
2024a). Table 4 provides a summary of 12 research papers reporting measurements of florfenicol within 
the marine environment. In all these research projects, sampling was not undertaken during or immediately 
after specific florfenicol treatments.  

Concentrations of florfenicol within water samples have been measured as high as 11,000 µg/L in an area 
with a high number of aquaculture farms in China’s Dalian Bay (Zong et al. 2010). In all other studies 
(reported in Table 4), concentrations of florfenicol did not exceed 0.1 µg/L, with many below the limit of 
detection and/or reporting. It should be noted that many of these studies did not analyse for florfenicol 
amine, the main florfenicol metabolite which is widely recognised as the residue marker for the sum of 
florfenicol and its metabolites (APVMA 2025; Commission Regulation (EU) No. 37/2010). 

In sediment samples, positive florfenicol concentrations were not reported in any studies except a study in 
Dalian Bay, Northern China where a maximum concentration of 1.21 µg/kg was measured (Na et al. 2013). 
The study by Na et al. (2013) was designed to monitor the concentration of antibiotics within Dalian Bay 
more broadly, its purpose was not to monitor the concentrations of antibiotics associated with a specific 
therapeutant dosing event. Similarly, in all the other studies that reported concentrations below the LoR 
(Table 4), sampling was not undertaken immediately after or in immediate proximity to florfenicol 
treatment events. Together with our understanding of florfenicol’s physico-chemical properties (relatively 
low affinity to dissolve in fatty tissue or bind with sediment), this provides a plausible explanation for the 
low detection rate of florfenicol in sediment samples.  

While its use in aquaculture globally is considerable, the low concentrations or absence of florfenicol 
measured within the environment is consistent with what we understand about its chemical properties 
(Table 1). Showing a tendency to remain in the dissolved phase and metabolising quickly on uptake by 
organisms (Table 2), florfenicol and its metabolites, in the marine environment, appear to be primarily 
measured in the water column rather than depositing on and accumulating in marine sediments (Jara et al. 
2022).  

When present in the water column, florfenicol may quickly disperse and be diluted by local hydrodynamics 
(Zhao et al. 2015). Furthermore, where florfenicol comes into contact with pelagic organisms (e.g. 
microorganisms), it is likely to be taken up and metabolised into florfenicol amine over days (Qian et al. 
2022). In turn, florfenicol amine is likely to be dispersed and diluted by local hydrodynamics. 

Within the sediment, where samples have been collected weeks or months after treatment, florfenicol 
does not appear to persist (with observed florfenicol concentrations ranging between not detected and 
1.21 µg/kg ; Buschmann et al. 2012; Hamoutene and Salvo 2020; Jara et al. 2021; Na et al. 2013; Zong et al. 
2010). This is further supported by a sediment trap study that administered florfenicol treated feed to 
sediment traps for two weeks and sampled a week after feed was administered, returning no detectable 
measurements for florfenicol (Gonzalez-Gaya et al. 2022).  

These results can be understood in relation to the physico-chemical properties of florfenicol (Table 1), 
which indicates florfenicol will partition to the aqueous phase, binding only weakly to organic sediments. As 
such, florfenicol is not likely to persist in sediments.  

In summary, the fate of florfenicol is most likely to be influenced by the biogeochemical and hydrodynamic 
processes occurring in the treatment area. Florfenicol does not strongly bind to sediments and will rapidly 
disperse and attenuate in the aqueous phase. Florfenicol has low lipophilic tendencies indicating that it may 
have a low bioaccumulation potential, however, further research is required to fully understand its behavior 
within marine ecosystems. While less is known about the physico-chemical properties of florfenicol amine 
(Table 3), it has a very low Kow (-0.965; n-octanol-water partition coefficient) and its chemical similarities to 
florfenicol suggest that it would behave in a similar way, while showing even greater affinity to remain 
associated with the aqueous phase, and a lower tendency for bioaccumulation in organisms or persistence 
within sediments (Intervet Inc 2013).   
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Table 4.  Concentrations of florfenicol (FFC) in water and sediment measured in the marine environment in different areas 

Location Type of 
sample 

Sampling 
depths 

Number 
of sites 

Number 
of 
samples 

Analytes Number 
of positive 
results 

Range of FFC/FFA 
measured 

Context of study References 

Canada South Coast of 
Newfoundland and 
Labrador 

Sediment Surface 1 1 FFC 0 ND8 Flocculent matter was collected in October 2017 
from under an active salmon farm at 70 – 80 m 
water depth – sampling not associated with a specific 
treatment event.  

Hamoutene and Salvo (2020) 

Chile 
 

Puyuhuapi Fjord Water 
 
Sediment 

Not defined 
 
Surface 

9 
 
4 

32 
 
4 

FFC 
 
FFC 

4 
 
4 

ND8 – 23.1 ± 0.1 ng/L 
 
ND8 

6 months after application of about 17 – 25 tonnes 
of FFC within sampling areas 

Jara et al. (2021) 

Calbuco Archipelago Sediment Surface  2 36 FFC 0 ND8 Sampling undertaken 20m away from a salmon farm 
and at a control site and tested for resistance genes 
over a period of a year; florfenicol resistance genes 
detected. 

Buschmann et al. (2012) 

China Dalian Bay 
 
 

Water 
 
Sediment 

Not defined 
 
Surface 

11 
 
11(x 3 
reps) 

11 
 
33 

FFC 
 
FFC 

6 
 
0 

29.8 – 11,000 µg/L 
 
ND8 

Samples collected about 500 m from aquaculture 
farms between July and October 2007 

Zong et al. (2010) 

Water 
 
Sediment 

Not defined 
 
Not defined 

20 
 
20 

20 
 
20 

FFC 
 
FFC 

15 
 
8 

ND8 – 2.27 ng/L 
 
ND8 – 1.21 µg/kg 

Samples were collected in August 2011 to better 
understand the presence of antibiotics in this coastal 
area 

Na et al. (2013) 

Water Not defined 3 18 FFC Not 
specified 

2.6 – 45.4 ng/L  
(8-hour weighted 
average) 

Using a novel method for monitoring antibiotics in 
the water column over an 8-hour period.  

Xie et al. (2018) 

Yangtze Estuary 
 

Water Surface 7 16 FFC 16 0.45 – 100 ng/L Monitoring undertaken over four seasons, July, 
October, January and May in 2011 – 2012 

Yan et al. (2013) 

Water 0.5 m below 
surface 

16 64 FFC 64 3.7 – 27.24 ng/L Sampling undertaken between 20 - 31 July 2013 at 
flood peak, flood slack, ebb peak and ebb slack to 
understand tidal impacts on therapeutant 
concentrations. 

Zhao et al. (2015) 

Jiulong River Estuary Water  18 34 FFC 14 ND8 – 21.4 ng/L Sampling undertaken in May, July, and December 
2009 at low tide in spring tide.  

Zheng et al. (2011) 

Beibuwan Gulf Water 
 
Sediment 

Not defined 
 
Surface (0 – 5 
cm) and bottom 
(15 – 25 cm) 

6 
 
18 

6 
 
30 

FFC 
 
FFC 

5 
 
14 

ND8 – 34.8 ng/L 
 
ND8 – 2.36 µg/kg 

Samples collected within the Gaoqiao Mangrove 
National Nature Reserve to understand effects of 
mangroves and tides on antibiotic residues 

Li et al. (2016) 

Yellow sea Water 0 – 0.5 m below 
surface 

30 30 FFC 16 ND8 – 42.0 ng/L One off sampling undertaken on the 13 August 2015 
along transects away from the coast 

Du et al. (2017) 

 
8 Not detected (ND) 
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3.3. Biological effects in the aquatic environment  
Studies exploring the effects of florfenicol on aquatic taxa including prokaryotes (bacteria and archaea), 
algae, invertebrates, fish and flora have identified a wide variety of effects across a range of biologically 
relevant endpoints. These range from no observed effects to significant effects depending on exposure 
concentration (Liu et al. 2012; Yang et al. 2026; Zhang et al. 2020), exposure time (Guo et al. 2024b), 
presence of other pollutants (Guilhermino et al. 2018), and the type of organism (Lai et al. 2009). 

Table 5 provides a summary of our current understanding of the effects of florfenicol on aquatic species 
across a range of florfenicol concentrations (0.0005 to more than 2,000 mg/L). Further details on the 
specific pathways and concentrations for effects within both marine and freshwater organisms are 
summarised in Table A 1, Appendix A). Key biological effects (Table 5) in aquatic organisms exposed to 
florfenicol concentrations (0.45 – 11 mg/L) that have been observed in the marine environment within the 
reviewed literature (Table 4) include: 

• the development of resistance genes in bacteria (Zeng et al. 2019; Zhang et al. 2022a; Zhang et al. 
2023); 

• change to community structure and diversity in prokaryotes (Guo et al. 2023; Sun et al. 2012; Wang 
et al. 2022; Zhang et al. 2022a);  

• growth inhibition to microalgae (Ferreira et al. 2007; Lai et al. 2009; Liu et al. 2012; Seoane et al. 2014; 
Yang et al. 2026; Zhang et al. 2020); 

• growth promotion and survival in microalgae (Liu et al. 2012; Zhang et al. 2020); and 
• a variety of complex metabolic disruption effects in prokaryotes (Wang et al. 2017), microalgae (Liu 

et al. 2012; Seoane et al. 2014; Yang et al. 2026; Zhang et al. 2020), invertebrates (Guilhermino et al. 
2018; Guo et al. 2023) and fish (Guo et al. 2025; Shiroma et al. 2020; Yun et al. 2023).  

Acute toxicity and growth inhibition as a result of florfenicol in a number of marine groups including 
invertebrates, fish and freshwater duckweed (Lemna minor) has generally been observed at significantly 
higher concentrations of florfenicol than are normally observed within the environment (50 mg/L to more 
than 2,000 mg/L; Carraschi et al. 2015; Ferreira et al. 2007; Mattioli et al. 2020; Wang et al. 2025b; Yun et 
al. 2023; Zhang et al. 2021) while mortality has also been observed in L. minor at florfenicol concentrations 
of 3 mg/L (Kolodziejska et al. 2013).   

The majority of research into the effects of florfenicol on aquatic species have focused on freshwater 
species (see Table A 1, Appendix A), however there are a number of papers (see Table 6) exploring 
impacts to marine organisms with a focus on bacteria, algae, invertebrates and fish. In marine bacteria, an 
increased prevalence of resistance genes has been observed in samples that have been exposed to feeds 
treated with florfenicol (Gonzalez-Gaya et al. 2022). Observations in changes to community structure in 
microbial (microscopic organisms including bacteria, viruses, fungi and protozoa) populations within the 
sediment and water vary between studies. No statistically significant difference in microbial community 
structure was observed in sediment traps treated with florfenicol coated feed, compared with a control 
(Gonzalez-Gaya et al. 2022). Conversely, in a project by Zong et al. (2010), lower microbial functional 
diversity was observed at water sampling sites that had measurable concentrations of florfenicol 
(29.8 – 11,000 µg/L) compared with samples that had no detectable florfenicol measured. Sampling sites 
with measurable concentrations of florfenicol were located about 500 m from farms that had a known 
history of florfenicol use, while those with no detectable florfenicol were located in an area where no 
florfenicol use had occurred.  

An exploratory study by Lynch et al. (2025) in Chile, observed altered bacterial community assemblages in 
some sediments collected from locations in closer proximity to salmon farms that had used florfenicol, 
compared to salmon farms that had not used florfenicol in the preceding production cycle. However, the 
study did not collect water or sediment samples to measure residual levels of florfenicol or florfenicol 
amine. Furthermore, the study provides little context to better understand the results, such as the farm 
husbandry practices (i.e. volumes of florfenicol used at each farm, historical therapeutant use at each farm, 
and the scale of historical farming levels were not provided within the study). This lack of contextual 
information makes it extremely hard to draw reliable conclusions around the effect of florfenicol on 
microbial communities in this instance.  
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Table 5. Published florfenicol concentrations associated with effects observed across different aquatic taxonomic groups 

Impact 
group 

Growth 
promotion 

Growth 
inhibition 

Community 
structure or 

diversity 

Metabolic 
disruption Mortality Hatching 

success Resistance genes 

Prokaryotes 
(bacteria & 
archaea) 

 - 0.1 – 100 mg/L 0.0001 – 29 mg/L - - 0.1 – 100 mg/L 

Algae 0.001 – 2.0 
mg/L 2.5 – 1000 mg/L - 0.01 – 165 mg/L - - NA 

Invertebrates 2 – 4 mg/L 50 – 800 mg/L - 0.0005 – 50 mg/L > 100 – > 889 mg/L - NA 

Fish  EC50: 
500 – 1040 mg/L - 0.0005 – 40 mg/L > 100 – > 2000 mg/L 

0.01 – 1 mg/L 
(temperature 
dependent) 

NA 

Flora  - - - 3 – 97 mg/L - NA 

 

Table 6. Summary of marine species assessed for impacts from florfenicol  

Taxonomic group Species References 

Bacteria Multiple Gonzalez-Gaya et al. (2022); Kolodziejska et al. (2013); Lynch et al. (2025) 

Algae Tetraselmis chuii 

Isochrysis galbana  

Skeletonema costatum  

Tetraselmis suecica 

Phaeodactylum tricornutum 

Ferreira et al. (2007) 

Lai et al. (2009); Zhang et al. (2020)  

Liu et al. (2012) 

Seoane et al. (2014) 

Yang et al. (2026) 

Invertebrates Artemia parthenogenetica  

Penaeid shrimp larvae 

Ferreira et al. (2007) 

Williams et al. (1992)  

Fish Oryzias melastigma embroyo 

Trachinotus blochii (Snubnosed Pompano) 

Guo et al. (2025) 

Sumithra et al. (2022) 
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Other studies have observed that exposure to concentrations of florfenicol between 0.2 and 100 mg/L can 
significantly affect the biogeochemical functioning of bacteria. This includes reducing the effectiveness of 
nitrification and de-nitrification, whilst leading to an enhancement or inhibition of methane production in 
sediment dwelling bacteria, depending on florfenicol exposure concentrations (Wang et al. 2022; Zhang 
et al. 2023).   

Further evidence of negative effects on bacterial communities has been observed in the gut bacteria of fish 
(Snubnosed Pompano; decline in species richness, diversity and abundance) which were fed florfenicol 
treated feed (10 mg/kg biomass per day for 20 days; Sumithra et al. 2022). Restoration of the fish gut 
microbiome was observed 10 – 15 days after withdrawal of treated feed, demonstrating the potential for 
effects to be short lived and reversible (Sumithra et al. 2022).  

Structural similarities between bacteria and chloroplasts in algae has resulted in suggestions that algae may 
be particularly susceptible to impacts from antibiotics (Guo et al. 2015). While most observed responses in 
marine algae show some sort of metabolic inhibition or other negative impacts, two species of marine algae 
(Skeletonema costatum and Isochrysis galbana) have shown increased growth and survival from low level 
exposure to florfenicol (less than or equal to 2 mg/L and 1 mg/L respectively). Higher concentrations 
(greater than or equal to 4 mg/L and 10 mg/L respectively) were observed to cause growth inhibition 
(Table 5; Liu et al. 2012 and Zhang et al. 2020). It should be noted that S. costatum is a species of marine 
diatom found in Tasmanian State waters. 

A second genus of marine algae observed in Tasmanian State waters that has been studied in relation to its 
response to florfenicol, is Tetraselmis sp. (Ferreira et al. 2007; Lai et al. 2009; Seoane et al. 2014). Studies on 
Tetraselmis suecica and Tetraselmis chuii have reported impacts on the metabolic activity of cells and a 
reduced chlorophyll a pigment count at florfenicol concentrations of 2.5 mg/L (Seoane et al. 2014) while 
growth inhibition has been reported with exposure to concentrations within the range 2.5 – 50 mg/L 
(Ferreira et al. 2007; Lai et al. 2009; Seoane et al. 2014). 

Within marine invertebrates, a study focusing on Argopecten purpuratus larvae (Chilean scallop) within a 
hatchery setting found that growth and survival were significantly improved following application of low 
florfenicol concentrations (2 mg/L and 4 mg/L) compared with the control (Miranda et al. 2013). In a study 
deploying sediment traps with florfenicol treated feed, Gonzalez-Gaya et al. (2022) found an increase in 
Echinodermata and Crustacea compared with the control (no addition of fish-feed or florfenicol) and an 
increase in the number of individuals (including Echinodermata and Crustacea) compared with the sediment 
trap deployment which included the addition of fish-feed with no antibiotics. While direct exposure to 
florfenicol did occur within these sediment traps (addition of treated feed twice in 2 weeks), no florfenicol 
was measured within sediment or invertebrates on sampling at the end of the exposure period (one week 
after the second application of treated feed). Importantly, this study highlights the effect of the presence of 
feed (organic matter) on the invertebrate community, in addition to the effect of florfenicol.  

In addition to effects of florfenicol exposure on growth, a complex variety of disruptions to metabolic 
processes have been observed (Table A1, Appendix A). These include: 

• changes to chlorophyll a and nitrogen metabolic pathways and increases in oxidative stress in algae (Liu 
et al. 2012; Seoane et al. 2014; Yang et al. 2026; Zhang et al. 2020);  

• intestinal (reduced villi length, increased apoptosis, altered gene expression and oxidative stress) and 
hepatopancreatic (histopathology, apoptosis and oxidative stress) effects in Chinese mitten crabs (Guo 
et al. 2023; Guo et al. 2024b);  

• altered feeding inhibition and cholinesterase activity in freshwater gold clams (Guilhermino et al. 2018);  

• changes to oxidative stress, gene expression, DNA damage and apoptosis, adenosine triphosphate 
content in fish (Guo et al. 2025; Shiroma et al 2020; Yun et al. 2023).  

While studies often explore the impacts of specific pollutants on specific taxa, it is important to consider 
that contaminants may not operate as expected while in the presence of other physico-chemical influences 
(Guilhermino et al. 2018; Hamoutine and Salvo 2020; You et al. 2022).  
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4. Development of florfenicol interim default guideline value 

Under the National Water Quality Management Strategy, the framework for evaluating the impacts of 
toxicants and other pollutants on environmental water quality is provided by the Australian and New 
Zealand Guidelines for Fresh and Marine Water Quality 2018 (ANZG, 2018a). ANZG (2018a) provides 
technical advice and procedures on deriving guideline values for relevant environmental indicators.  A 
guideline value is a threshold for a specific indicator (at a determined level of protection) beyond which the 
risk of ecological impact is considered elevated and further investigation is recommended. Information on 
interpretation and application of ANZG (2018a) in Tasmania is provided in Technical Guidance for Water 
Quality Objectives (WQOs) Setting for Tasmania (EPA, 2020).   

The procedures for derivation of toxicant guideline values are detailed in Warne et al. (2025). 
ANZG (2018a) provides default guideline values (DGVs) derived by application of this procedure. DGVs 
are applicable where site specific species or water quality information is not available or does not 
significantly alter the toxicity profile. DGVs are by design, highly conservative and are applicable for an 
initial evaluation of potential environmental impacts. 

The ANZG (2018a) framework specifies 3 levels of ecosystem condition against which percentile levels of 
species protection are assigned. This classification system is used in Tasmania. The levels of ecosystem 
condition and recommend levels of protection with respect to toxicant guideline values are specified in 
Table 7.  

 

Table 7. Recommended levels of protection for ecosystems 

Ecosystem condition Recommended level of species protection 

High conservation/ecological value systems 99% 

Slightly to moderately disturbed systems 95% 

Highly disturbed systems 80%, however 90% or 95% is aspirational 

 

Note that guideline values derived using Warne et al. (2025) relate to chronic toxicity. Chronic toxicity is 
defined as ‘a lethal or sub-lethal effect that occurs due to exposure to a chemical for a period of time that 
is a substantial portion of the organism’s life span, or an adverse effect on a critical early life stage’ (Warne 
et al. 2025). 

DGVs are intended to be used as a tool along-side environmental monitoring, where observed values 
within the environment are compared with the guideline value. It is expected that this should be done in 
association with other scientifically relevant lines of evidence, to meaningfully evaluate risk to communities 
within the environment (ANZG 2018b).  

While DGVs have been established for a wide range of toxicants in aquatic ecosystems, the Australian and 
New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018a) does not include any DGVs 
for florfenicol or florfenicol amine in water or sediment (ANZG 2018b).  

To better understand the risk of florfenicol within the marine environment within Tasmanian coastal 
waters, the EPA identified the benefit of developing florfenicol DGVs in accordance with ANZG (2018a). 
The formal derivation and approval of DGVs is a very involved process, undertaken at a national scale 
(ANZG 2018c) and is not practicable within the timeframe available. Given the need to better understand 
the risks associated with florfenicol within the environment, the EPA therefore chose to develop interim 
DGVs for florfenicol following the same methods as those used to develop DGVs but without the formal 
approval process (Warne et al. 2025). To ensure that the methodology was applied correctly, the EPA 
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engaged an expert ecotoxicologist, with experience applying the Australian and New Zealand framework 
for establishing guideline values, to peer-review its work.  

While interim DGVs for both marine water and sediment were considered desirable, a preliminary review 
highlighted the limited availability of published literature on the effects of florfenicol within sediment and its 
effect on organisms within marine sediments. Sediment DGVs are typically only derived for environmentally 
persistent chemicals. In response, the EPA’s current focus is dedicated to the development of interim 
DGVs for florfenicol within aquatic ecosystems.  

The derivation of the interim DGV for florfenicol within aqueous ecosystems was carried out in 
accordance with the ANZG (2018d) method for deriving Australian and New Zealand water quality 
guideline values for toxicants for the protection of aquatic ecosystems, as revised by Warne et al.(2025).  

The key steps of this method include: 

1. assessing literature acceptability and quality screening; 

2. compilation of toxicity endpoints for available species; 

3. conversion of acute data to chronic;  

4. generation of the Species Sensitivity Distribution (SSD) curve; and 

5. derivation of florfenicol interim default guideline values.  

Additional detail on each of these steps is provided in sections 4.1 to 4.5 below.  

https://www.waterquality.gov.au/anz-guidelines/guideline-values/derive/warne-method-derive-2025
https://www.waterquality.gov.au/anz-guidelines/guideline-values/derive/warne-method-derive-2025
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4.1. Literature acceptability and quality screening 
All available toxicity data on florfenicol for freshwater and marine species were sourced from peer-
reviewed literature and reputable databases. Data published before 1980 were excluded. Papers that 
referenced a toxicity value from another source without providing the method used to derive that value 
were excluded.  

Ecotoxicity data from 20 published studies were quality – assessed according to the process described in 
Warne et al. (2025). Forty eight toxicity values from 16 studies were accepted (scored greater than or 
equal to 50% in the quality and relevance assessment) for the purpose of deriving an interim DGV for 
florfenicol (Table B 1, Appendix B).  

Due to the limited availability of chronic toxicity data for marine species (tested at a salinity of greater than 
or equal to 25 ppt), toxicity data for freshwater species, and marine and estuarine species tested at a 
salinity of less than 25 ppt were also included.  

Because of the strict guidelines around which studies can be used in the derivation of an interim DGVs, a 
number of toxicity data were unable to be incorporated into the final value, including: 

• A safety data sheet for AbbeyFlor PREMIX reported a 72-hour NOEC of 4 µg/L and a 72-hour IC50 of 
33.6 µg/L for the marine diatom Skeletonema costatum (Abbey Animal Health, 2023). No other 
information on these values was reported (including the source of the data or toxicity endpoint 
measured) so this data was not included. 

• A study by Wang et al. (2017) reported effects on chlorophyll content (about 17% inhibition) after a 7-
day exposure to florfenicol at 25 µg/L, however this study did not pass the quality assessment.  

• A study by Pino-Otin (2024) reported a slight but not statistically significant decrease in growth and 
metabolism of a microbial community within river water (conductivity of 2.8 m S/cm and characterised 
by 16S ribosomal RNA) that was exposed to florfenicol (of 100 µg/L for 7 days), while the next 
concentration tested (10,000 µg/L) showed a significant decrease in microbial growth. The authors 
estimated a LC109 of less than 100 µg/L and a LC5010 of less than 10,000 µg/L.  

• A paper by Zhang et al. (2020) reported effects on superoxide dismutase, catalase and cell membrane 
integrity after 72-hour exposure to 10 µg/L of florfenicol, however these endpoints are not considered 
ecologically relevant for water quality guideline value derivation as per Warne et al. (2025).  
 
Warne et al. (2025) defines an ecologically relevant endpoint as one that “negatively affects a species’ 
ecological competitiveness (i.e. its ability to increase the frequency of its genes in subsequent 
generations)”. Another method for developing water quality guidelines for antimicrobial compounds 
has recently been developed in Australia that integrates ecotoxicity and antimicrobial resistance 
endpoints (Binet et al. 2026). It should be noted that antimicrobial resistance endpoints were not 
considered in the current study.  

  

 
9  LC10: Lethal concentration of a substance that causes 10% mortality in a test population within a specified time.  
10 LC50: Lethal concentration of a substance that causes 50% mortality in a test population within a specified time.  
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4.2. Compilation of toxicity endpoints for available species 
For all accepted literature, toxicity endpoints were screened to remove values that were not relevant in 
the derivation of the interim DGV following the methods described by Warne et al. (2025). These included:  

• right censored values (e.g., “>” values) were included only if within the existing data range. Reported 
values were used directly (e.g., > 20 mg/L treated as 20 mg/L); 

• left censored values (< or ≤) were excluded, as they minimally influence the guideline value; 

• interval censored (ranges) values were reported, the lower end was used (e.g., where an EC50 = 
25 – 50 mg/L, 25 mg/L was used). 

4.3. Conversion of acute data to chronic  
Where toxicity data (LC50, NOEC11, EC5012) was reported for acute endpoints these were converted to 
chronic endpoints using a default acute-to-chronic ratio of 10:1 as per Warne et al. (2025). The selected 
toxicity endpoints were then further grouped to identify the lowest endpoint for each species, life stage, 
and exposure time. A single toxicity value for each species was determined following the rules published by 
Warne et al. (2025). 

The complete ‘accepted’ ecotoxicity data set (Table B 1, Appendix B) was then assessed to obtain a single 
toxicity value for each species. Table 8 provides a list of all species within the complete ecotoxicity dataset, 
expressed as one toxicity value per species. The dataset consists of:  

• 14 species: including 4 marine, 2 estuarine and 8 freshwater species; 

• 6 taxonomic groups: including green microalgae (5 species), golden-brown microalgae (one species), 
diatoms (one species), macrophytes (one species), crustaceans (3 species) and fish (3 species); 

• 10 chronic13 and 4 acute14 measures of toxicity; 

• 6 chronic NOECs, 2 chronic EC1015s, 2 chronic EC50s, 3 acute LC50s and one acute EC50; 

• toxicity tests carried out at temperatures of 18 – 27 ˚C; 

• 2 toxicity values derived from commercial formulations (with toxicity expressed as the active 
ingredient, florfenicol). 

Two studies showed that the acute and chronic toxicity of florfenicol to the freshwater cladoceran Daphnia 
magna was lower at lower water temperatures. The chronic toxicity measured as 21 - day reproduction 
was higher at 25˚C (EC2016 and EC50 of 1.7 and 1.9 mg/L, respectively) compared to that at 20˚C (EC20 
and EC50 of 6.9 and 7.6 mg/L, respectively) (Martins et al. 2013). Similarly, acute toxicity was also lower at 
lower temperatures with 72-hour immobilisation of D. magna at 25 ˚C generating a lower (more toxic) 
EC50 of 93 mg/L compared to an EC50 of 520 mg/L at 20 ˚C (Zhang et al. 2021). 

 

 
11 NOEC: No Observed Effect Concentration, the highest tested concentration of a chemical that causes no 
statistically significant adverse effect on test organisms.  
12 EC50: Half-Maximal Effective Concentration, the concentration of a chemical that induces a biological response that 
is 50% of the maximum biological response, during a specified exposure time.  
13 Exposure to a chemical for a period of time that is a substantial portion of the organism’s life span, or an adverse 
effect on a critical early life stage (Warne et al. 2025).  
14 Exposure to a chemical for a short (relative to the organism’s life) period of time (Warne et al. 2025).  
15 EC10: Effective Concentration of a chemical that induces a biological response that is 10% of the maximum 
biological response, during a specified exposure time.  
16 EC20: Effective Concentration of a chemical that induces a biological response that is 20% of the maximum 
biological response, during a specified exposure time.  
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Table 8. Toxicity of florfenicol to marine, estuarine and freshwater species (one value per species) 

Taxonomic 
group 

Species Life 
stage 

Temp 
(˚C) 

Duration Toxicity measure 
(endpoint) 

Toxicity 
value (µg/L) 

Final converted 
toxicity value (µg/L) 

Marine 
Golden-brown 
microalga Isochrysis galbana17 Log-phase 

growth 25 72 hours Chronic NOEC (growth-yield) 1,000 1,000 

Diatom Skeletonema costatum - 20 96 hours Chronic NOEC (growth-rate) 2,000 2,000 

Green microalga Tetraselmis suecica Log-phase 
growth 18 96 hours Chronic NOEC (growth-rate) 60 60 

Crustacean Artemia parthenogenetica Nauplii 20 48 hours Acute LC50 (mortality) > 889,000 89,00020 

Estuarine 

Green microalga Tetraselmis chuii Log-phase 
growth 25 96 hours18 Chronic NOEC (growth-rate) < 2,500 2,500 

Fish Oryzias melastigma Embryos 25 21 days18 Chronic NOEC (hatching) 500 500 
Freshwater 

Green microalga Chlorella pyrenoidosa - 25 96 hours Chronic EC10 (growth-rate) 3,994 3,994 

Green microalga Pseudokirchneriella 
subcapitata 

Log-phase 
growth 20 48 hours18 Chronic EC50 (growth-yield) 56119 561 

Green microalga Scenedesmus vacuolatus Autospore 28 24 hours Acute EC50 (growth-yield) 18,000 1,80020 

Macrophyte Lemna minor - 25 7 days Chronic EC50 (growth-frond 
area) 2,960 590 

Crustacean 
(cladoceran) Ceriodaphnia silvestrii Neonate 25 7 days18 Chronic EC10 (reproduction) 60 60 

Crustacean 
(cladoceran) Daphina magna Neonate 25 21 days18 Chronic NOEC (reproduction) 800 800 

Fish Oreochromis niloticus Larvae 26 96 hours18 Acute LC50 (mortality) 349,94021 34,99420 

Fish Piaractius mesopotamicus Juvenile 26.5 48 hours Acute LC50 (mortality) > 1,000,00021 100,00020 

 
17 Currently identified as Tisochrysis lutea 
18 Toxicity test measured concentrations of florfenicol. For the two tests with a duration of 21 days, solutions were renewed every 48 hours with freshly prepared florfenicol 
solutions, ensuring a constant exposure to florfenicol.  
19 Geometric mean of 3 x EC50 values.  
20 Acute-to-chronic ratio of 10:1 applied.  
21 Toxicity test used a commercial formulation. Toxicity values are reported as the active ingredient (florfenicol).  
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4.4. Generation of the species sensitivity distribution curve 
Using the dataset provided in Table 8 (n = 14 species), a cumulative frequency species sensitivity 
distribution curve for florfenicol toxicity data in marine, estuarine and freshwater species was generated 
(Figure 2). The model-averaged curve fit was judged as a good fit of the data.  

The full dataset (n = 14 species) did not display bimodal attributes (bimodality coefficient (0.33) less than 
0.56, as described in Warne et al. 2025). There was no significant difference between the range of final 
toxicity values for marine and estuarine species (60 to 88,900 µg/L), and those for freshwater species (60 
to 100,000 µg/L) (probability value (p) = 0.92, 2-tail t-test). There was also no significant difference between 
the toxicity values for phototrophs (60 to 4,000 µg/L) and heterotrophs (60 to 100,000 µg/L) (p = 0.11, 2-
tail t-test), further supporting the use of all 14 species to derive the species sensitivity distribution curve. 

A sensitivity analysis was carried out by comparing the species sensitivity distribution curve and guideline 
values derived when non-ideal toxicity values were excluded from the data set. Removal of (i) acute 
toxicity values, or (ii) the two toxicity values derived from commercial formulations of florfenicol or, (iii) 
toxicity values for freshwater species, all resulted in datasets with 12 species and guideline values only 
slightly higher than those derived from the full dataset.  

A species sensitivity distribution curve using only marine and estuarine species (6 species from 5 taxonomic 
groups) was close to the minimum requirements for deriving guideline values using the species sensitivity 
distribution curve method (i.e. at least 6 species from 4 taxonomic groups) and resulted in slightly lower 
guideline values. To broaden the range of taxonomic groups, and to include more species, the full dataset 
was selected as an appropriate representation of florfenicol toxicity to aquatic species.  

 

Figure 2. Species sensitivity distribution curve for florfenicol in marine, estuarine and fresh 
water, the dotted line represents the interim default guideline value corresponding to 95% 
species protection. 
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4.5. Derivation of florfenicol interim default guideline values 
The species sensitivity distribution curve based on the full dataset provided in Table 8 (n = 14 species) was 
used to derive interim DGVs for florfenicol (Table 9) of:  7 µg/L in systems of high conservation or 
ecological value, achieving 99% species protection; 50 µg/L in slightly disturbed to moderately disturbed 
systems, achieving 95% species protection; and 110 – 260 µg/L in highly disturbed systems, achieving 
80 – 90% species protection.  

Following the Warne et al. (2025) classification of reliability, these interim DGVs are considered to have 
moderate reliability.  

 

Table 9. Interim default guideline values for florfenicol in aquatic ecosystems 

Ecosystem value 

 
Protective concentrations 

(PC) / 
(% species protection) 

 

 
Interim default guideline value 

(µg/L) 
 

High conservation value 
or ecological value 

systems 
PC99 / (99%) 

 
7 
 

Slightly to moderately 
disturbed systems 

PC95 / (95%); 
 

or 
 

PC99 / (99%)  
for highly bioaccumulating 

toxicants 

 
 

50; 
 
 
 
 

No value - florfenicol is not 
considered to be highly 

bioaccumulating  
(see Section 3) 

 

Highly disturbed systems 

 
PC80 / (80%) 

to 
PC90 / (90%) 

 

260 
to 

110 
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5. Tasmanian florfenicol monitoring 

5.1. Methods  
Water and sediment sampling was conducted in the D’Entrecasteaux Channel in southern Tasmania 
between 7 November 2025 and 24 March 2026. Because of the nature of the disease event, the 
requirements for sampling evolved over time as improved knowledge and understanding of florfenicol 
within the environment was gained. Sampling and analysis for each of the treated leases were specified by 
the EPA via a therapeutant residue monitoring schedule, these schedules are available on the EPA 
website22. While there is some variability in the monitoring requirements between treated leases, they 
were largely consistent with the following design:  

• sampling was conducted prior to treatment (baseline), during treatment, and at day-one, day-7, day-14, 
day-21 and day-31 after treatment (Figure 3);  

• sampling sites were located within leases, adjacent to leases and at reference sites and reference leases; 
(Figure 4 and Figure 5). It should be noted that reference sites were shared between some leases 
(Table 10);  

• water samples were collected at 3 depths within the water column (surface: 0.2 m below sea surface; 
mid: 10 m below sea surface; and bottom: 1 m above the seabed);  

• sediment samples were collected at 2 depths within the sediment core (0 – 25 mm below the sediment 
surface (surface) and 25 – 75 mm below the sediment surface (bottom)).  

It should be noted that while the above design reflects the majority of monitoring schedules, during the 
early stages of florfenicol treatment, water sampling was only conducted in surface waters at Meads 
(MF077) and Stringers (MF209) and during the first few treatments undertaken at South of Zuidpool Rock 
(MF141). After these initial samples were received, the requirement to sample at mid and bottom water 
was added to ensure that the sampling design was capturing the vertical extent of florfenicol within the 
water column. For a complete description of the survey design, field and analytical methods undertaken for 
each lease please refer to the Therapeutant Residue Monitoring Program reports published for each lease, 
which can be accessed via the EPA website22 as they become available. 

Two hundred and thirty (230) baseline water and sediment sample measurements were reported for 
samples collected prior to the initial treatment of florfenicol. None of these sample results showed 
florfenicol or florfenicol amine above the limit of reporting. These results are not discussed further within 
this environmental risk assessment.  

 
22  
https://epa.tas.gov.au/Pages/Florfenicol-Treatments.aspx 

https://epa.tas.gov.au/business-industry/regulation/salmon-aquaculture/management-of-therapeutants-including-antibiotics/use-of-therapeutants-in-the-marine-environment/florfenicol/florfenicol-treatments
https://epa.tas.gov.au/business-industry/regulation/salmon-aquaculture/management-of-therapeutants-including-antibiotics/use-of-therapeutants-in-the-marine-environment/florfenicol/florfenicol-treatments
https://epa.tas.gov.au/Pages/Florfenicol-Treatments.aspx
https://epa.tas.gov.au/Pages/Florfenicol-Treatments.aspx
https://epa.tas.gov.au/Pages/Florfenicol-Treatments.aspx
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Table 10. Reference sites used for each lease within this study (numbers in parentheses represent the distance between reference site and 
corresponding lease) 

  C11.223 S724 M225 M325 M5/B6
25 M625 M825 M925 B725 B1025 B1225 

Reference 
lease  

(MF142)26 

Reference 
lease 

(MF221) 
The Sheppards 
(MF094)   X 

(4.2 km) 
X 

(3.8 km) 
         

Roberts point 
(MF142)     X 

(8.3 km) 
        

Roaring beach 
(MF201)          X 

(6.4 km) 
   

Great Taylors 
Bay (MF203)              

Great Taylors 
Bay (MF185)       X 

(5.3 km) 
X 

(5.6 km) 
     

Soldiers Point 
(MF110)    X 

(6.2 km) 
X 

(3.5 km) 
        

Meads (MF077) 
& Stringers 
(MF209) 

 
X 
(1.7 
km) 

      X 
(8.4 km)  X 

(1.4 km) 
X 

(31.1 km)  

South of 
Zuidpool Rock - 
north block 
(MF141)  

X 
(2.2 km) 

    X 
(3.9 km) 

  X 
(1.4 km) 

X 
(9.7 km) 

  
X 

(4.6 km) 

South of 
Zuidpool Rock -  
south block 
(MF141) 

X 
(2.6 km)     X 

(7.5 km) 
  X 

(4.0 km) 

X 
(11.4 
km) 

   

 
23 Control site 
24 Stringers reference site 
25 Broadscale Environmental Monitoring Program (BEMP) sites 
26 Was used as a reference site until the last reference sediment sample was taken on 8 December 2025. Subsequently on 22 February MF141 (Roberts Point) was treated 
with florfenicol.  
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Figure 3. Timeline of florfenicol treatment undertaken at leases between 7 November 2025 and 4 March 2026 

Note: Where there were sequential treatment events on a lease, no fish on those leases were treated twice. 



 

Environment Protection Authority (EPA), May 2026  26 

Figure 4. The northern section of the D’Entrecasteaux Channel showing untreated 
aquaculture leases, and salmon leases treated with florfenicol during 2025 – 2026   
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Figure 5. The southern section of the D’Entrecasteaux Channel showing untreated 
aquaculture leases, and salmon leases treated with florfenicol during 2025 – 2026 

 
 



 

Environment Protection Authority (EPA), May 2026  28 

5.2. Spatial distribution of florfenicol and florfenicol amine 
5.2.1. Presence of florfenicol and florfenicol amine  

For the analysis of florfenicol and florfenicol amine 2,560 water and 1,680 sediment analytical results were 
reported, equating to a total of 4,240 analytical results (Table 11). A total of 497 of these were above the 
limit of reporting (LoR), equating to approximately 12% of the reported results. Results above LoR were 
observed at every lease surveyed (Figure 6). Of these, over 94% were water samples (468 analytical results) 
and 6% were sediment samples (29 analytical results). A total of 696 analytical results (sediment and water) 
were obtained at reference sites, with only 13 of these (observed at 4 reference sites; B12, S7, C11.2 and 
B7) reporting concentrations above LoR (Table 10, Figure 4 and Figure 5). Overall, 3,743 analytical results 
(or 88% of the total) were below LoR for florfenicol or florfenicol amine.  

Table 11. Summary of florfenicol and florfenicol amine analytical results above the limit of 
reporting 

 Analytical results Water sample 
analytical results 

Sediment sample 
analytical results 

Total  4,240 2,560 1,680 

Above LoR  

(% of total) 

497  

(11.7%) 

468  

(18.3%) 

29  

(1.7%) 

Below LoR  

(% of total) 

3,743  

(88.3%) 

2,092  

(81.7%) 

1,651  

(98.3%) 

 

For each of the treated leases, the most commonly observed analytical result for florfenicol or florfenicol 
amine was below the LoR (Figure 7). Water sample results above LoR for florfenicol or florfenicol amine 
were primarily located within lease boundaries, with fewer observed at sites adjacent to the lease and 
fewer still at reference sites (Figure 7). At sites within leases, 125 water sample florfenicol results (or 
19.2%) were above LoR, with 97% of these presenting concentrations between 0.1 µg/L and 2.0 µg/L 
florfenicol. Only 4 analytical results had concentrations of florfenicol greater than 2.0 µg/L, of which the 
highest concentration (observed just once) was 5.2 µg/L. The same pattern was observed in florfenicol 
amine (water samples) at sites within leases (Figure 7). Two hundred and six florfenicol amine results were 
above LoR (or 31%), with 95% of these containing concentrations between 0.1 µg/L and 2.0 µg/L. Only 11 
analytical results were greater than 2.0 µg/L and included the highest single florfenicol amine concentration 
(4.2 µg/L) reported within this study.    

At sites adjacent to the lease (35 m outside the lease) only 41 water sample results returned florfenicol 
concentrations above LoR, with concentrations ranging from 0.1 µg/L to 1.0 µg/L. A total of 83 water 
sample results were above the LoR for florfenicol amine, with all results ranging between 0.1 µg/L to 2.1 
µg/L. Across all water sample results at sites adjacent to treated leases, a florfenicol amine concentration of 
2.1 µg/L was only observed once, occurring within a surface sample during a dosing event. Reference sites 
reported the fewest florfenicol or florfenicol amine results above LoR in water samples (Figure 6). A total 
of 13 water sample results were above LoR for florfenicol (5 results) and florfenicol amine (8 results). 
Concentrations of florfenicol or florfenicol amine in water samples at reference sites were less than or 
equal to 0.5 µg/L. 

For sediment samples, less than 6% of results were above LoR (Figure 6 and Figure 8). Sediment sample 
results above LoR for florfenicol or florfenicol amine were primarily located within leases, with only 5 
results above LoR at sites adjacent to leases (all 35 m from lease boundary) and no results above LoR at 
reference sites (Figure 8). At sites within leases, 19 sediment florfenicol results (or 6%) were above LoR, 
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with 95% of these presenting concentrations between 0.005 mg/kg and 0.03 mg/kg. The highest sediment 
florfenicol concentration observed within this study was 0.095 mg/kg, which was the only sediment result 
above 0.03 mg/kg within the current study. This result was reported at a site located within a lease, taken 
at day-one post-treatment. After day-6 post-treatment no florfenicol above LoR was reported at that site. 
Only 5 florfenicol amine results above LoR were reported at sites within lease boundaries, all at 
concentrations ≤ 0.02 mg/kg.  

At sites adjacent to leases, only 5 sediment samples returned florfenicol concentrations above LoR. These 
were within the range 0.005 mg/kg to 0.035 mg/kg florfenicol. No sediment sample results were above the 
LoR for florfenicol amine. No florfenicol or florfenicol amine concentrations were above LoR in sediment 
samples at reference sites (Figure 8). 
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Figure 6. Comparison of the total number of sample results (grey columns) and the number of those results above the LoR (white 
columns) for each lease and for combined reference sites for a) water samples, and b) sediment samples 
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Figure 7. Number of water samples measuring different florfenicol (grey columns) and 
florfenicol amine (white columns) concentrations at a) sites within leases, b) sites adjacent to 
leases and c) reference sites 
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Figure 8. Number of sediment samples measuring different florfenicol (grey columns) and 
florfenicol amine (white columns) concentrations at a) sites within leases, b) sites adjacent to 
leases and c) reference sites 
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5.2.2. Lease-specific results 

The number of florfenicol or florfenicol amine results above LoR varied considerably between leases, both 
in water and sediment samples (Table 12).  

Only 7 water sample results were above LoR at Great Taylors Bay (MF203) while 162 were above LoR at 
South of Zuidpool Rock (MF141). This may in part be explained by differences in the total number of 
samples taken at each lease, which also varied significantly (e.g. South of Zuidpool Rock (MF141) – 670 
water samples, Great Taylors Bay (MF203) – 186 water samples). Comparison of the number of results 
above LoR, reported as a percentage of total sampling effort for each lease, shows notable variability among 
leases. On average 12% of water samples collected for each lease returned analytical results above LoR for 
florfenicol or florfenicol amine, however this varied between 3.8% at Great Taylors Bay (MF203) and 49% 
at Meads Creek (MF077) and Stringers Cove (MF209) (combined, as these two leases were treated 
simultaneously). For South of Zuidpool Rock, 24.2% of water samples were above the LoR.  

Within the sediment, no florfenicol or florfenicol amine was reported above LoR at Great Taylors Bay 
(MF185) or Meads Creek (MF77) and Stringers Cove (MF209) or at any reference sites sampled (Figure 6 
and Table 12). At the remaining leases, the number of results above LoR reported as a percentage of the 
total number of sediment results, varied between 1.1% (Roberts Point, MF142) and 5.6% (The Sheppards, 
MF94).  

The observable differences in the concentrations of florfenicol and florfenicol amine between leases is likely 
to reflect a complex interplay between lease-specific florfenicol treatments, sampling requirements, and 
site-specific differences in hydrodynamic and biogeochemical conditions within the water column and 
sediment. 
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Table 12. Summary of sampling results  

 

South of 
Zuidpool 

Rock 
(MF141) 

Soldiers 
Point 

(MF110) 

Meads 
Creek 

(MF077)  
& Stringers 

Cove 
(MF209) 

The 
Sheppards 

(MF94) 

Roberts 
Point 

(MF142) 

Roaring 
Beach 

(MF201) 

Great 
Taylors 

Bay 
(MF203) 

Great 
Taylors 

Bay 
(MF185) 

Reference 
sites 

Water results 
Number of sample 
results 670 282 80 372 72 300 186 204 394 

Number of results 
> LoR 162 42 39 108 12 71 7 14 13 

Highest concentration 
(µg/L) 

5.2 FFC; 
3.5 FFA 

0.2 FFC; 
1.3 FFA 

0.5 FFC; 
1.9 FFA 

0.9 FFC; 
1.4 FFA 

0.3 FFC; 
1.1 FFA 

1.7 FFC; 
4.2 FFA 

0 FFC; 
0.9 FFA 

0.3 FFC; 
0.9 FFA 

0.2 FFC; 
0.2FFA 

Average27 
concentration (µg/L) 

0.64 FFC; 
0.74 FFA 

0.16 FFC; 
0.44 FFA 

0.23 FFC; 
0.44 FFA 

0.32 FFC; 
0.47 FFA 

0.2 FFC; 
0.42 FFA 

0.4 FFC; 
0.91 FFA 

NC FFC; 
0.41 FFA 

NC FFC; 
0.43 FFA 

0.12 FFC;  
0.21 FFA 

% above LoR 24.2 14.9 49 26.8 16.7 23.7 3.8 6.9 3.3 
Sediment results 

Number of sample 
results  476 176 234 124 88 90 116 74 302 

Number of results 
> LoR 8 8 0 7 1 3 2 0 0 

Highest concentration 
(mg/kg) 

0.033 FFC; 
0.02 FFA 

0.093 FFC; 
FFA below 

LoR 

FFC & FFA 
below LoR  

0.03 FFC; 
0.01 FFA 

0.016 FFC; 
FFA below 

LoR 

0.021 FFC; 
FFA below 

LoR 

0.005 FFC; 
0.010 FFA 

FFC & FFA 
below LoR 

FFC & FFA 
below LoR 

Average27 
concentration (mg/L) 

0.015 FFC; 
0.010 FFA 

0.024 FFC; 
Below LoR 

FFA 

NC FFC; 
FFA below 

LoR 

0.015 FFC; 
NC FFA 

NC FFC; 
FFA below 

LoR 

0.013 FFC; 
FFA below 

LoR 

NC FFC; 
NC FFA 

FFC & FFA 
below LoR 

FFC & FFA 
below LoR 

% above LoR 1.7 4.5 0 5.6 1.1 3.3 1.7 0 0 

 
27 Average concentration not calculated (NC) where less than 3 analytical results above LoR were available  
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5.3. Considering influences on florfenicol distribution  
To better understand the observed variability of florfenicol and florfenicol amine distribution within the 
water column and sediment, descriptive data analysis was undertaken to compare concentrations with 
other sampling variables: distance from lease, sampling depth and the time since treatment. Results of this 
analysis are described in the following sections.  

5.3.1. Distance  
For water samples, florfenicol and florfenicol amine concentrations above LoR decreased with increasing 
distance from the treatment location (Table 13 and Figure 9). Due to its affinity to remain within the water 
column, florfenicol or florfenicol amine already within the water phase (i.e. leached directly from treated 
feed or released into the water via fish urea or bile; Horsberg et al. 1994) is unlikely to transfer directly 
into the sediments without a biological intermediary (e.g. deposition of decaying planktonic organisms). As 
such, the decrease in florfenicol and florfenicol amine concentration observed within the water column 
with increasing distance from the treatment leases is likely the result of horizontal dilution and dispersion 
throughout the water column (Jara et al. 2022). In addition, this decline will in part be related to the gradual 
biological breakdown of florfenicol and florfenicol amine as it continues to be transported within the water 
column (Horsberg et al. 1996; Lim et al. 2010). 

For sediment samples, florfenicol and florfenicol amine concentrations above LoR were highest within 
treated leases, and declined with increasing distance from them (Table 13 and Figure 10). No sediment 
florfenicol amine results were above LoR outside the treated leases. Florfenicol concentrations above LoR 
in the sediment were reported at sites 35m from lease boundaries. There were no florfenicol 
concentrations above LoR at any sites located further than 35 m from the boundary of treated leases. The 
localised presence of florfenicol and florfenicol amine within the sediment is likely to be directly related to 
the localised distribution and deposition of particulates containing the antibiotic or its metabolites (derived 
from salmon feed and/or faeces), within the vicinity of the treated leases.  

 

Table 13. Average concentrations of florfenicol and florfenicol amine above LoR at 
monitoring sites  

 Within lease Adjacent to lease Reference sites 

Water results 

Average florfenicol 
concentration (µg/L) ± SE28 0.5 ± 0.06 0.24 ± 0.03 0.12 ± 0.02 

Average florfenicol amine 
concentration (µg/L) ± SE28 0.71 ± 0.05 0.43 ± 0.05 0.21 ± 0.03 

Sediment results 

Average florfenicol 
concentration (mg/kg) ± SE28 0.015 ± 0.005 0.016 ± 0.005 Below LoR 

Average florfenicol amine 
concentration (mg/kg) ± SE28 0.012 ± 0.002 Below LoR Below LoR 

 
  

 
28 Standard error (SE) 
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5.3.2. Depth  

The average concentration of florfenicol and florfenicol amine above LoR in water samples declines with 
increasing distance away from the lease (Figure 9). On average, the highest concentrations of florfenicol and 
florfenicol amine above LoR were located within surface waters (0.2 m depth), with concentrations 
decreasing with increasing depth. This relationship is particularly strong within leases, close to the location 
where florfenicol treated feed was introduced to the water column. At these sites, the observed 
distribution is mainly influenced by lateral dispersion and dilution of florfenicol and florfenicol amine away 
from its source.  

At sites adjacent to the lease and reference sites, where fewer analytical results above LoR were reported, 
the relationship between florfenicol and florfenicol amine concentrations with depth in the water column is 
less evident. At these locations, increasing distance and time are likely to have provided greater 
opportunity for vertical and lateral dispersion and dilution of florfenicol and florfenicol amine, in addition to 
increasing their exposure to the effects of local hydrodynamic and biogeochemical processes. As a result, 
the vertical distribution of florfenicol and florfenicol amine within the water column becomes more 
homogenous with increasing distance from treated leases.  

In sediment samples, higher concentrations of florfenicol and florfenicol amine were reported in the surface 
core samples (0 – 25 mm depth) than in bottom core samples (25 – 75 mm depth). No florfenicol or 
florfenicol amine was reported above LoR in bottom core samples, except samples collected from within 
lease boundaries. Florfenicol and florfenicol amine are deposited on the sea floor via sinking particulate 
matter (feed and faeces). Where sediment infauna is active, bioturbation may incorporate florfenicol and 
florfenicol amine deeper within the sediment profile. Where sediment is being highly bioturbated, the 
sediment depth profile for florfenicol is likely to be more consistent. In locations with less bioturbation, 
florfenicol and florfenicol amine concentrations are likely to be much higher at the sediment – water 
interface and decline quickly with depth. The sediment surface under stocked pen bays is often 
characterised by organic enrichment which can alter infaunal populations and, in some cases, result in 
reduced bioturbation (Ross et al. 2025).  

The level of organic enrichment observed on the seabed can vary considerably within a lease, where the 
interplay between farm management, biological activity and local environmental conditions (including 
hydrodynamics) influences the florfenicol concentrations observed.  
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Figure 9. Florfenicol results for surface, mid and bottom water samples taken (a) within the lease boundary, (b) adjacent to treated leases 
and (c) at reference sites for all leases combined; and florfenicol amine results for surface, mid and bottom water samples taken (d) 
within the lease boundary, (e) at sites adjacent to lease, and (f) at reference sites for all leases combined. Highest concentrations (black 
dots) and average concentrations (grey columns) are presented
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Figure 10. Florfenicol results for surface and bottom sediment core samples taken (a) within the lease boundary, (b) at sites 35 m from  
lease boundary (c) 100 - 500 m from lease boundary, and (d) at reference sites for all leases combined; and florfenicol amine results for 
surface and bottom sediment core samples taken (e) within the lease boundary, (f) at sites 35 m from  lease boundary (g) 100 - 500 m 
from lease boundary, and (h) at reference sites, for all leases combined. Highest concentrations (black dots) and average concentrations 
(grey columns) are presented 
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5.3.3. Time  

The effect of time since treatment on florfenicol and florfenicol amine concentrations in water samples 
collected within leases, adjacent to leases and at reference sites is illustrated in Figure 11 and Figure 12. 
When comparing the average and highest florfenicol and florfenicol amine concentrations at sites within 
treated leases a clear time-dependent decline is observed. The highest concentration of florfenicol within 
the study was 5.2 µg/L, collected from surface water during the florfenicol treatment period at South of 
Zuidpool Rock (MF141). The highest concentration of florfenicol amine was 4.2 µg/L measured in mid-
water during the treatment phase at Roaring Beach (MF201). Due to the quick metabolism of florfenicol 
within Atlantic salmon (florfenicol may be excreted as urine or bile within 3 hours of exposure; Horsberg 
et al. 1994) florfenicol and florfenicol amine reported above LoR within the water column during the 
treatment phase may have entered the environment as a fish waste product. It is also likely that a 
proportion of the early peak in florfenicol is the result of leaching directly from fish feed (Barreto et al. 
2018; Chuchird et al. 2025).   

As with depth, the relationship between florfenicol (and florfenicol amine) concentrations measured in the 
water column over time, is more nuanced with increasing distance from the treatment location (Figure 11 
and Figure 12). At sites adjacent to leases and at reference sites, a delayed peak in maximum florfenicol and 
florfenicol amine concentrations is observed at day-one post-treatment. This reflects the speed of the 
biological, biogeochemical and physical processes affecting the fate and transport of florfenicol and 
florfenicol amine within the water column. These include but are not necessarily limited to: 

1. dispersion and dilution;  
2. the metabolic process of target (and non-target) species;  
3. water current velocity and direction (hydrodynamics); and  
4. water column stratification and mixing.  

After the peak concentrations were reached in the water column within leases, adjacent to leases and at 
reference sites, average florfenicol and florfenicol amine concentrations declined over time. No florfenicol 
was above the LoR at sites within leases after day-one post-treatment, while florfenicol amine was found at 
concentrations above LoR until after 7 days post-treatment (in 10 out of 109 sample results). At sites 
adjacent to leases, 2 of 75 sample results were above LoR for florfenicol and 12 of 75 sample results were 
above LoR for florfenicol amine between 2 to 7 days post-treatment. At reference sites, no florfenicol or 
florfenicol amine above LoR was reported after day-one post-treatment.  

On entering the water column florfenicol is likely to be quickly taken up by planktonic species (micro-algae 
and bacteria) and metabolised to florfenicol amine over days (Qian et al. 2022), thereby, contributing to a 
quick decline in florfenicol and the presence of measurable concentrations of florfenicol amine up to a 
week post-treatment. Other factors likely to be influencing the progressive decline in florfenicol and 
florfenicol amine concentrations at all sites over time include the effects of dilution and dispersion and local 
hydrodynamics.  

Within the sediment, neither florfenicol nor florfenicol amine persisted at concentrations above LoR for 
consecutive sampling events at any sampling site. The highest number of sediment sample results (13 
results) above LoR were measured during day-one post-treatment while the least were observed in 
samples collected during the treatment phase (a total of 2 sediment results). For samples collected between 
2 to 7 days post-treatment, a total of 8 samples were reported above LoR, while 6 sediment samples 
collected after 7 days post-treatment, reported values above LoR.  
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Figure 11. Highest (black circles) and average (grey columns) concentration of florfenicol 
measured across all leases29 in relation to the time of florfenicol treatment (a) at sites within 
leases, (b) at sites adjacent to leases, and (c) at reference sites 

 

 
29 Assumes no interaction of florfenicol between leases 
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Figure 12. Highest (black circles) and average (grey columns) concentration of florfenicol 
amine measured across all leases30 in relation to the time of florfenicol treatment (a) at sites 
within leases, (b) at sites adjacent to leases, and (c) at reference sites 

  

 
30 Assumes no interaction of florfenicol between leases 



 

Environment Protection Authority (EPA), May 2026  42 

6. Environmental risk of florfenicol in the D’Entrecasteaux 
Channel and Huon River MFDP area 

6.1. Florfenicol interim default guideline value  
The Environment Protection Authority (EPA) has established Interim Default Guideline Values (DGV) for 
the antibiotic florfenicol in accordance with the revised method for deriving Australian and New Zealand 
water quality guideline values for toxicants. This involved undertaking a comprehensive literature review to 
identify the most up-to-date scientific literature. The process for establishing interim DGVs involves 
rigorous and careful selection of scientific data that represent highly conservative values that can be used to 
evaluate the risk of unacceptable effects of the antibiotic florfenicol to aquatic organisms.  

The PC95 value is the appropriate value to evaluate the risk of unacceptable effects on slightly to 
moderately disturbed ecosystems (ANZG 2018e, see also Table 7). The waters of the D’Entrecasteaux 
Channel, North-West Bay and associated marine reserves (i.e. Tinderbox Marine Reserve and Ninepin 
Point Marine Reserve) have been classified as “modified (not pristine) ecosystems” according to DPIWE 
(2003). The PC95 value provides 95% species protection, based on the current best available scientific data 
for establishing default guideline values for a given toxicant (e.g. florfenicol). 

The EPA has established an interim default guideline value (PC95) for florfenicol of 50 µg/L, to which 
florfenicol concentrations observed in water samples can be compared to assess risk (see section 4 above). 
This interim DGV is applicable for water samples collected in slightly to moderately disturbed marine 
environments, including the D’Entrecasteaux Channel and Huon River Marine Farming Development Plan 
Area.  

 

 

 

This interim DGV is applicable to the parent compound florfenicol. The risk associated with florfenicol 
amine or any other metabolites of florfenicol present in the environment is understood to be less than or 
equal to the parent compound. 

The interim DGV is suitable for assessing impacts of chronic (long term) exposure to florfenicol. The EPA 
has taken a conservative approach of comparing acute (short term) exposures against the interim DGV for 
florfenicol.    

Typically, the EPA’s approach with respect to DGVs for other water quality parameters is to compare 
sample results from outside of the activity area (i.e. outside the lease boundary) against the relevant DGV. 
However, given that this is the first broad-scale application of florfenicol within Tasmanian state waters, the 
EPA have undertaken a highly conservative approach, comparing all florfenicol water monitoring data 
(including results obtained within each of the 9 treated leases) against the interim DGV for florfenicol.   

  

INTERIM DEFAULT GUIDELINE VALUE FOR FLORFENICOL IN SLIGHTLY TO 
MODERATELY DISTURBED ECOSYSTEMS: 

50 µg/L 

https://www.waterquality.gov.au/anz-guidelines/guideline-values/derive/warne-method-derive-2025
https://www.waterquality.gov.au/anz-guidelines/guideline-values/derive/warne-method-derive-2025
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6.2. Tasmanian marine water  
6.2.1. Florfenicol 

Within this study 87 of the sites within the boundary of treated leases, 28 sites adjacent to treated lease 
boundaries (35 m) and 11 reference sites were monitored for florfenicol in the water column during and 
after florfenicol treatment in 2025 – 2026. This equated to 1,280 florfenicol water sample results that have 
been compared to the interim DGV for florfenicol.  

No florfenicol water sample results exceeded the interim DGV for florfenicol during the monitoring period 
(between 7 November 2025 and 24 March 2026) (Figure 13). The majority of florfenicol water sample 
results (1,109) were below the LoR (0.1 µg/L), with only 171 above, highlighting the generally low 
concentrations observed within the study area.  

 

Figure 13. Florfenicol (grey columns) and florfenicol amine (white columns) concentrations at 
a) sites within leases, b) at sites adjacent to lease boundaries, and c) at reference sites, the 
interim DGV for florfenicol (red dashed line) is shown for context 
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The highest single florfenicol concentration measured was 5.2 µg/L, which is approximately 10 times lower 
than the established interim default guideline value for florfenicol (Figure 13). This concentration was 
observed at a location next to a treated pen within the boundary of the South of Zuidpool Rock (MF141) 
marine farming lease and was sampled in surface waters during the treatment event. The average florfenicol 
concentration across the remaining 170 results above LoR (i.e. excluding the 5.2 µg/L result) is 0.4 µg/L. 
Approximately 125 times lower than the interim DGV, this highlights the very low occurrence of florfenicol 
concentrations within the water column over the monitoring period. The concentration of florfenicol 
within the water column was observed to decline quickly with distance from the treatment location and 
time after day-one post-treatment, throughout the study area. Except for 2 sites adjacent to a lease, that 
returned values at the LoR (0.1 µg/L), all other sites (within lease boundaries, adjacent to leases and at 
reference sites) reported values below the LoR after day-one post-treatment. 
   
The risk of unacceptable effects to aquatic organisms exposed to florfenicol in marine waters during the 
2025 – 2026 treatment event is considered low due to: the low observed concentrations, the absence of 
any of the 1,280 results exceeding the interim DGV and the rapid decline in florfenicol concentration over 
time. 

6.2.2. Florfenicol amine 

Within this study 87 sites within the boundary of treated leases, 28 sites adjacent to treated lease 
boundaries (35 m) and 11 reference sites were monitored for florfenicol amine within the water column 
during and after florfenicol treatment in 2025 – 2026. This equated to 1,280 florfenicol amine water sample 
results. Florfenicol amine is accepted to be the final florfenicol metabolite observed in Atlantic salmon 
(Horsberg et al. 1994). The interim DGV for florfenicol is not applicable for florfenicol amine.   

The majority of florfenicol amine water sample results (993) were below the LoR (0.1 µg/L), with only 297 
above. As with florfenicol, this highlights the generally low concentrations of florfenicol amine observed 
within the water column throughout the study area (Figure 13). 

The highest concentration of florfenicol amine measured was 4.2 µg/L. This was measured at a single site 
adjacent to a treated pen within the boundary of the Roaring Beach (MF201) marine farming lease and was 
sampled in mid-waters (10 m deep) during the treatment event. The average concentration of florfenicol 
amine, for the remaining 296 sample results above LoR  (i.e. excluding the value of 4.2 µg/L) is 0.6 µg/L, 
further highlighting the very low occurrence of florfenicol amine concentrations greater than 1.0 µg/L 
within the water column over the monitoring period (Figure 13). 

The concentration of florfenicol amine within the water column was observed to decline with increasing 
distance from lease and with time. Except for 2 sites adjacent to a lease, that returned values at the LoR 
(0.1 µg/L), all other sites (within lease boundaries, adjacent to leases and at reference sites) reported values 
below the LoR after day-3 post-treatment.   

Scientific literature on the effect of florfenicol amine in the environment is limited. Whilst it has been 
suggested that florfenicol amine may retain antibacterial activity or show similar levels of toxicity as the 
parent compound Florfenicol (Abraham and Bardham 2026), other supporting evidence from the European 
Agency for the Evaluation of Medicinal Products, highlights that florfenicol amine has negligible 
microbiological activity (approximately 90 times less active than florfenicol; European Medicines Agency, 
1996).  

The results of this extensive monitoring program indicate that marine waters surrounding treated fish 
farms experience florfenicol amine at low concentrations up to day-3 post-treatment. The highest 
concentration of florfenicol amine measured within this study (4.2 µg/L) was lower than the highest 
florfenicol concentration (5.2 µg/L) measured in seawater. Even assuming florfenicol amine may retain the 
same toxicity as the parent compound florfenicol (i.e. worst-case scenario), the risk of unacceptable effects 
(as defined by the established interim DGV for florfenicol, i.e. 50 µg/L) to aquatic organisms exposed to 
florfenicol amine in marine water within the vicinity of these treated fish farms is very low.  
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6.3. Subtidal marine sediment 
Within this study 70 sites within the boundary of treated leases, 95 sites adjacent to treated lease 
boundaries (35 m) and 23 reference sites (including 12 additional sampling sites associated with the two 
reference leases where appropriate) were monitored for florfenicol and florfenicol amine in subtidal marine 
sediment during and after florfenicol treatment in 2025 – 2026. This equated to 1,680 sediment sample 
results, the majority of which were below the LoR for florfenicol (0.005 mg/kg) and florfenicol amine (0.01 
mg/kg).  

Only 29 sediment results (less than 2% of all sediment results) were above the limit of reporting for 
florfenicol or florfenicol amine. These were all located within the boundary of treated leases except for 5 
sample results that were obtained from sites adjacent to leases (35 m from lease boundary). Of the 29 
results, 5 were for florfenicol amine, and were located within the boundary of treated leases. No sediment 
sample results for florfenicol or florfenicol amine were above the LoR at reference sites within this study.  

The highest single florfenicol concentration measured within the sediment was 0.093 mg/kg. This 
concentration was observed within a lease on day-one post-treatment and declined over time returning to 
concentrations below the LoR after day-6 post treatment. All other sediment florfenicol results above LoR 
were less than or equal to 0.03 mg/kg within this study. All florfenicol amine concentrations above the LoR 
were 0.02 mg/kg. Neither florfenicol or florfenicol amine were retained at concentrations above LoR in 
sediments beyond day-14 post-treatment, indicating that no accumulation in the sediment is occurring.  

The very low number of samples with measurable concentrations of residual florfenicol or florfenicol amine 
within sediments is consistent with observations in the scientific literature (Table 4). The low frequency of 
detecting florfenicol or florfenicol amine and the decline to concentrations below the LoR by day-14 post-
treatment, indicates that any risk to aquatic organisms within sediments is likely to be short lived and 
localised to immediate area around treated pen bays. Aquatic organisms within the sediment outside 
treated lease boundaries were very unlikely to be impacted by exposure to sediment containing florfenicol 
or florfenicol amine during the 2025 – 2026 florfenicol treatment event.  
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7. Conclusions 

This environmental risk assessment of florfenicol use in marine salmonid aquaculture in SE Tasmania 
(2025 – 2026) represents the culmination of extensive field work, sample analysis, data analysis, literature 
reviews, DGV derivation and expert interpretation.   

The florfenicol monitoring undertaken to support this environmental risk assessment has produced the 
largest and most comprehensive environmental dataset to evaluate the environmental risk of antibiotic use 
in marine aquaculture globally. More than 4,200 measurements of florfenicol and florfenicol amine were 
collected and analysed. Samples were collected before, during and after treatment; across multiple depths 
within the water column; at two depths within the sediments, and at varying distances from each treatment 
location, including at 11 reference sites and 2 reference (untreated) leases. Detailed knowledge of 
treatment timing and locations has provided invaluable context for interpretation of these results. 

The EPA has, for the first time, established an interim DGV for florfenicol. Developed to be highly 
conservative, this DGV is used to identify unacceptable impacts in support of the environmental risk 
assessment of florfenicol in SE Tasmanian marine water.  

None of the water sample measurements of florfenicol exceeded the interim DGV (PC95) that applies to 
the waters of the D’Entrecasteaux Channel and Huon Estuary, or the more conservative interim DGV 
(PC99) that would apply in pristine or high conservation value waters. The highest recorded concentration 
was 10 times lower than the interim DGV (PC95). Therefore, the EPA has characterised the environmental 
risk to aquatic ecosystems, from florfenicol residues associated with the 2025-2026 treatment period as 
low.  

However, a risk assessment would not be complete without consideration of any knowledge gaps and its 
limitations. The EPA acknowledges that the study of the effects of antibiotics within the environment is 
highly complex due to multiple variables that can affect the fate, longevity and interaction of antibiotics in 
the environment.  

While this environmental risk assessment provides significant advances in our understanding of florfenicol 
within the environment and toxicity to aquatic organisms, it has not addressed the effects on the bacterial 
community, including the development of antimicrobial resistance. Work to address this knowledge gap is 
currently being undertaken by the Institute for Marine and Antarctic Studies, University of Tasmania, using 
samples collected before, during and after this treatment event. The results of this study will be published 
on completion and incorporated in future, updated risk assessments. 

Future ecotoxicological studies on the effects of florfenicol and florfenicol amine at environmentally 
relevant concentrations would enable the EPA to revise the interim DGVs and ensure the EPA’s 
environmental risk assessment remains contemporary to address future applications of florfenicol in 
Tasmania’s aquatic environments. In addition, based on the results of the monitoring and this risk 
assessment it is unlikely the derivation of toxicant guideline values for florfenicol in sediment will be 
merited unless further scientific literature that suggests potential concern becomes available. Combining 
this contemporary environmental risk assessment with ongoing environmental monitoring will enable 
environmental impacts of florfenicol in Tasmanian aquatic environments to be sustainably managed. 
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Appendices 

Appendix A 
Table A 1. Summary of effects of florfenicol on aquatic organisms, as reported in the literature 

Organism Effect Species Freshwater/ 
Marine Mode of action 

Florfenicol 
concentrations 

tested 

Lowest impact 
concentration Reference 

Prokaryotes 
(bacteria/archaea) 

Increase in 
bacteria 

resistance genes 

Phenicol resistance genes 

floR & optrA 
Freshwater 

Increased abundance of florfenicol resistant floR and optrA genes in 
water and in sediment after exposure. Higher count in water than 
sediment. Higher concentration of florfenicol resulted in higher 

concentrations of resistant genes and longer time to return to normal 
abundance. 

Water: 0.1, 1, 10, 
100 mg/L  0.1 mg/L Zhang et al. 

(2022a) 

Multiple species Freshwater 

Changes to the microbial population structure in the environmental 
resistome by preferential selections of genes and mutations with a 
resistance phenotype in water samples when 10 mg/kg biomass/day 

was given to fish for 10 days in a 300 litre aquaria. 

Not reported  Unknown Zeng et al. (2019) 

Multiple species Marine 

Increase in prevalence of specific resistance genes in sediment samples 
treated with feeds containing florfenicol and oxytetracycline and a 
higher prevalence of specific mobile genetic elements in sediments 
exposed to 75 g florfenicol treated feed (at 2000 mg/kg) for two 

weeks prior to sampling compared with control. 

Not reported Unknown Gonzalez-Gaya 
et al. (2022) 

Channel catfish  

Ictalurus punctatus 
Freshwater Increased richness of antibiotic-resistant genes observed. Not reported  Unknown Wang et al. (2025a) 

Median effect 
levels 

Bioluminescent bacteria  

Vibrio fischeri 
Marine EC 50 Not reported 

29.4 mg/L 
(confidence interval: 

18.7 – 49.6 mg/L) 

Kolodziejska et al. 
(2013) 

Cyanobacteria 

Synechocystis sp. 
Freshwater 

EC 50 

The co-exposure of florfenicol and metals resulted in suppressed 
biological processes including antioxidant, adenosine triphosphate 

synthesis, photosynthesis, and carbon fixation. 

Water: 1075 – 
10029 µg/L 2830 µg/L You et al. (2022) 

Change to 
microbial 

community 
structure 

Multiple species 

Freshwater 

Dramatic change in diversity and richness. Significant change in 
sediment on days 30 and 60. Significant change in water by day 7. 

Sediment bacterial community was more resistant to antibiotic stress 
than water. Return to normal with increased time after exposure. 

Water: 0.1, 1, 

10, 100 mg/L 
100 mg/L Zhang et al. 

(2022a) 

Freshwater 
Change in community structure and reduced diversity at day 10 and 
day 25 post exposure when 10 mg/kg biomass/day was given to fish 

for 10 days. 
Not reported  Unknown Zeng et al. (2019) 

Freshwater 

Sediment Shannon diversity indices were higher in treatments with no 
florfenicol and decreased with increasing florfenicol dose. Shannon 

diversity decreased over time after the dose was applied, with 
sediment concentrations peaking at about 10 µg/g. Shannon diversity 
started to increase again once sediment concentrations returned to 

about 2 µg/g. 

Sediment: 10, 50, 
150 µg/g 10 µg/g Sun et al. (2012) 
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Organism Effect Species Freshwater/ 
Marine Mode of action 

Florfenicol 
concentrations 

tested 

Lowest impact 
concentration Reference 

Marine 

Decline in diversity, including Shannon diversity (sediment microbial 
community) in association with sites exposed to florfenicol treatment 
(17 mg/kg body weight per day for 33 and 20 days). A shift in bacterial 
community observed between control and exposed farms. Insufficient 

information to quantify impact. 

Not reported  Unknown Lynch et al. (2025) 

Marine 

No statistically significant difference in structure of micro-organism 
community in sediment trap that was exposed to 75 g florfenicol 

treated feed (at 2000 mg/kg) for two weeks prior to sampling 
compared with control. 

Sediment: not reported Unknown Gonzalez-Gaya 
et al. (2022) 

Freshwater 

Changed the structure of the community in anaerobic conditions, with 
observed increase in richness in both bacteria and archaea within the 

presence of florfenicol, measured at day 1, 13, 20, 27, 35, 45. In 
addition, low concentrations of florfenicol resulted in increased 

methane accumulation while high concentrations (5 and 10 mg/L) 
correlated with a decline in methane accumulation. 

Water: 0, 0.2, 1, 5, 
10 mg/L ~ 5 mg/L Wang et al. (2022) 

Multiple within:  

Chinese mitten crab 

 Eriocheir sinensis 

Freshwater 

Changes to intestinal microbiota observed in richness and diversity, 
composition especially with higher concentrations of florfenicol. Water: 0, 0.5, 5, 50 µg/L 50 µg/L Guo et al. (2023) 

Hepatopancreatic microbiota showed effects from florfenicol, with 
maximum stress at 7 days compared to 14 days at 0.5 µg/L and 5 µg/L 
while those exposed to 50 µg/L showed significant effects at day 14. 

Water: 0.5, 5, 50 µg/L 0.5 µg/L Guo et al. (2024b) 

Multiple within:  

Snubnosed pompano 

Trachinotus blochii 

Marine 
Gut bacteria decrease in richness, diversity and abundance index’s up 

to 20 days post-treatment (of 10 mg/kg biomass/day to fish for 
20 days), followed by slight increase. 

Not reported  Unknown Sumithra et al. 
(2022) 

Multiple within:  

Channel catfish 

 Ictalurus punctatus 

Freshwater 

Temperature dependent impacts on intestine and skin microbiota 
throughout treatment (10 mg/kg body weight and fed at a 2% body 

weight per day for a period of 10 days) followed by a 12 day 
withdrawal period. Microbiota remained disrupted at the end of the 

withdrawal but disruption may have been reducing. Increased richness 
of antibiotic-resistant genes observed. 

Not reported  Unknown Wang et al. (2025a) 

Multiple within:  

Zebrafish  

Danio rerio 

Freshwater Reduced gut diversity and evenness of gut bacteria. Water: 0, 5, 10, 20, 
40 mg/L 5 mg/L Yun et al. (2023) 

Multiple within:  

Southern catfish larvae  

Silurus meridionalis 

Freshwater Gut bacteria and growth were impacted from day 7 after exposure to 
20 mg/kg biomass per day for 7 days.  Not reported Unknown Zhang et al. (2023) 

Metabolism 
Cyanobacteria 

Microcystis flosaquae 
Freshwater 

Oxidative stress observed and significant inhibition of chlorophyll a 
content. At concentrations below 1 µg/L, only slight changes 

occurred. 

Water: 0, 0.001, 0.01, 
0.1, 1, 10, 25, 50 µg/L ~ 1 µg/L Wang et al. (2017) 

Photosynthetic inhibition and oxidative stress. Water: 0, 0.001, 0.01, 
0.1, 1, 10, 25, 50 µg/L 25 µg/L Wang et al. (2017) 
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Organism Effect Species Freshwater/ 
Marine Mode of action 

Florfenicol 
concentrations 

tested 

Lowest impact 
concentration Reference 

Algae Median effect 
level 

Green microalga 

Tetraselmis chuii 
Marine Growth: IC 50 Water: 0.75, 1.5, 3, 6, 

12, 24 mg/L 6.06 mg/L  Ferreira et al. 
(2007) 

Growth 

Green microalga 

Tetraselmis chuii 
Marine 

At 96 hours post exposure, the number of cells per ml present 
declined with increasing florfenicol concentration, with 0.75 mg/L 

showing little difference to the control. Statistically significant 
differences in growth were observed at concentrations equal to or 

higher than 6 ml/L.  

Water: 0.75, 1.5, 3, 6, 
12, 24 mg/L ≥ 6 mg/L Ferreira et al. 

(2007) 

Growth inhibition Water: 2.5, 5, 10, 20, 
50 mg/L ≥ 2.5 mg/L Lai et al. (2009) 

Green microalga 

Tetraselmis suecica 
Marine 

Reduction in cell division, effects increased with increasing 
concentration. 

Cell size also decreased with increasing concentration. 

Water: 2.5, 5.0, 7.5, 
10 mg/L 5 mg/L Seoane et al. 

(2014) 

Green alga 

Chlorella pyrenoidosa 
Freshwater Growth inhibition Water: 100, 200, 400, 

600, 800, 1000 mg/L ≥ 100 mg/L Lai et al. (2009) 

Golden-brown microalga 

Isochrysis galbana 
Marine 

Growth inhibition Water: 2.5, 5, 10, 20, 
50, 80 mg/L ≥ 10 mg/L Lai et al. (2009) 

Growth increased with dose concentrations of 0.001-1 mg/L, but 
inhibited growth in concentrations of 10 mg/L. 

Water: 0.001, 0.01, 0.1, 
1.0, 10, 20, 50 mg/L 0.001 mg/L Zhang et al. (2020) 

Chain forming diatom 
(microalga)  

Skeletonema costatum 
Marine  Growth was stimulated at concentrations of 0.5, 1.0 and 2.0 mg/L, but 

inhibited at concentrations ≥ 4 mg/L. 
Water: 0.5, 1.0, 2.0, 4.0, 

8.0 and 16.0 mg/L 0.5 mg/L Liu et al. (2012) 

Diatom (microalga) 

Phaeodactylum tricornutum 
Marine Growth inhibition with increasing exposure to florfenicol measured 

up to 96 hours. 
Water: 33, 41, 82, 

165 mg/L 33 mg/L Yang et al. (2026) 

Metabolic 
disruption 

Green microalga 

Tetraselmis suecica 
Marine 

Metabolic activity of cells was affected at 2.5 mg/L. 

Chlorophyll a – reduced pigment cell content at 2.5 mg/L. 
Water: 2.5, 5.0, 7.5, 

10 mg/L 2.5 mg/L  Seoane et al. 
(2014) 

Green microalga 

Scenedesmus vacuolatus 
Freshwater EC 50 Not reported 

18.0 mg/L 
(confidence interval: 

14.8 – 24.8 mg/L) 

Kolodziejska et al. 
(2013) 

Golden-brown microalga 

Isochrysis galbana 
Marine 

Chlorophyl content increased with dose concentrations of 
0.0001 – 1 mg/L but decreased with concentrations of 10 mg/L. 

Water: 0.001, 0.01, 0.1, 
1.0, 10, 20, 50 mg/L 10 mg/L Zhang et al. (2020) 

Induces oxidative stress Water: 0.001, 0.01, 0.1, 
1.0, 10, 20, 50 mg/L 0.01 mg/L Zhang et al. (2020) 

Chain forming diatom 
(microalga)  

Skeletonema costatum 
Marine 

Intracellular reactive oxygen species were enhanced compared with 
the control. 

Water: 0.5, 1.0, 2.0, 4.0, 
8.0, 16.0 mg/L ≥ 1.0 mg/L Liu et al. (2012) 

Decreased cell viability due to increases in intracellular pH and 
swelled cell size. 

Water: 0.5, 1.0, 2.0, 4.0, 
8.0, 16.0 mg/L 4.0 mg/L Liu et al. (2012) 



 

Environment Protection Authority (EPA), May 2026  56 

Organism Effect Species Freshwater/ 
Marine Mode of action 

Florfenicol 
concentrations 

tested 

Lowest impact 
concentration Reference 

Chlorophyll a and effective quantum yield were significantly inhibited. Water: 0.5, 1.0, 2.0, 4.0, 
8.0, 16.0 mg/L ≥ 4.0 mg/L  Liu et al. (2012) 

Diatom (microalga) 

Phaeodactylum tricornutum 

 

Marine 

Induces oxidative stress Water: 33, 41, 82, 
165 mg/L 33 mg/L Yang et al. (2026) 

Disruption to nitrogen metabolism-related gene expression in the 
short term (24 hours); prolonged exposure (96 hours) significantly 

suppressed photosynthetic pathways. 

Water: 33, 41, 82, 
165 mg/L 33 mg/L Yang et al. (2026) 

Invertebrates 

Median effect 
levels  

Penaeid shrimp - larvae Marine EC 50 - > 64mg/L – 
< 100 mg/L 

Williams et al. 
(1992) 

Planktonic crustacean 
(water flea) 

 Daphnia magna 
Freshwater 

LC 50 / EC 50 Water: 10.0, 25.0, 50.0, 
75.0, 100 mg/L > 100 mg/L Carraschi et al. 

(2015) 

EC 50 Not reported 
337 mg/L 

(confidence interval: 
261 – 447 mg/L) 

Kolodziejska et al. 
(2013) 

Golden apple snail  

Pomacea canaliculata 
Freshwater LC 50 / EC 50 Water: 70.0, 80.0, 90.0, 

100 mg/L > 100 mg/L Carraschi et al. 
(2015) 

Brine shrimp 

Artemia parthenogenetica 
Marine 

(hypersaline) LC 50 – 48 hours 311 - 889 mg/L > 889 mg/L Ferreira et al. 
(2007) 

Growth and 
survival 

Chilean scallop - larvae 

Argopecten purpuratus 
Marine Growth and survival significantly improved in hatchery tanks 

compared to control. 2, 4 mg/L 2 mg/L Miranda et al. 
(2013) 

Planktonic crustacean 
(water flea) 

 Daphnia magna 
Freshwater 

Growth inhibition occurred with increasing dose concentration and 
was greater at 25˚C compared with 20˚C at every dose 

concentration. 

50, 100, 200, 400, 
800 mg/L 50 mg/L Zhang et al. (2021) 

Community 
structure Multiple  Marine 

Increase in Echinodermata and crustacea in sediment trap that was 
exposed to florfenicol treated feed (75g florfenicol treated feed, at 

2000 mg/kg, for two weeks) compared with the control. 
Sediment: not reported Unknown Gonzalez-Gaya 

et al. (2022) 
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Organism Effect Species Freshwater/ 
Marine Mode of action 

Florfenicol 
concentrations 

tested 

Lowest impact 
concentration Reference 

Metabolic 
disruption 

Chinese mitten crab  

Eriocheir sinensis 

Freshwater 

Intestinal effects: 

Five and seven days exposure resulted in reduced villus lengths in 
intestine and thinner muscle layers at day 7 and day 14. The number 

of vacuoles increased as florfenicol concentration increased at day 14. 
Total hemocyte count noticeably decreased. Florfenicol in the 

intestine was significantly different in the crabs exposed to 50 µg/L 
compared with those exposed to 0.5 µg/L or 5 µg/L: suggest increased 

intestinal permeability and damage to the intestinal barrier, extent 
being dependent on dose exposure; 

Apoptosis (programmed cell death) index was significantly increased in 
the 50 µg/L group compared with those exposed to 0.5 or 5 µg/L; 

Gene expression was significantly different from control groups, with 
some genes upregulating while others down regulated particularly by 

day 14; 

Increase in oxidative stress, response within the intestine: superoxide 
dismutase – decreased and catalase increased with increasing 

concentrations of florfenicol compared with control; 

Water: 0.5, 5, 50 µg/L 0.5 µg/L Guo et al. (2023) 

 

Hepatopancreatic damage: histopathology, oxidative stress, apoptosis 
showed effects from florfenicol, with maximum stress at 7 days 

compared to 14 days at 0.5 µg/L and 5 µg/L while those exposed to 
50 µg/L showed significant effects at day 14. 

Water: 0.5, 5, 50 µg/L 0.5 µg/L Guo et al. (2024b) 

Freshwater gold clam  

Corbicula fluminea 
Freshwater Signs of feeding inhibition and cholinesterase activity inhibition, 

particularly in association with microplastics and florfenicol together. Water: 1.8 – 7.3 mg/L ≥ 1.8 mg/L Guilhermino et al. 
(2018) 

Fish 

Median effect 
levels 

Marine medaka - embryo  

Oryzias melastigma 
Marine No significant effect Water: 0.5, 10, 100, 

500, 1000 µg/L > 1000 µg/L  Guo et al. (2025) 

Nile tilapia - larvae 

Oreochromis niloticus 

Freshwater LC 50 - 96 hours 
Water: 58.73, 131.31, 

198.96, 241.88, 
381.81 mg/L 

349.94 mg/L Mattioli et al. 
(2020) 

Freshwater Weight reduction: EC 50 - 96 hours 
Water: 58.73, 131.31, 

198.96, 241.88, 
381.81 mg/L 

500 mg/L Mattioli et al. 
(2020) 

Freshwater Length reduction: EC 50 - 96 hours 
Water: 58.73, 131.31, 

198.96, 241.88, 
381.81 mg/L  

1040 mg/L Mattioli et al. 
(2020) 

Zebrafish  

Danio rerio 
Freshwater LC 50 - 96 hours Water: 0, 500, 

2000 mg/L > 2000 mg/L Yun et al. (2023) 

Serpae tetra 

Hyphessobrycon eques 
Freshwater LC 50 Not reported > 100 mg/L Carraschi et al. 

(2015) 

Small-scaled pacu 

Piaractus mesopotamicus 
Freshwater LC 50 Not reported > 100 mg/L Carraschi et al. 

(2015) 



 

Environment Protection Authority (EPA), May 2026  58 

Organism Effect Species Freshwater/ 
Marine Mode of action 

Florfenicol 
concentrations 

tested 

Lowest impact 
concentration Reference 

Oriental weatherloach  

Misgurnus anguillicaudatus 
Freshwater LC 50 - 48 hours (LC 50 - 24 hours) Not reported 447 mg/L (452 mg/L) Wang et al. 

(2025b) 

Hatching 
success 

Marine medaka - embryo  

Oryzias melastigma 
Marine Significant decline in hatching success was dependant on concentration 

and temperature, with significant. 
Water: 0.5, 10, 100, 

500, 1000 µg/L 
1000 µg/L at 25˚C 

10 µg/L at 30˚C 
Guo et al. (2025) 

Metabolic issues 

Marine medaka - embryo  

Oryzias melastigma 

Marine 

Indication that florfenicol does impact adenosine triphosphate content 
with decrease in adenosine triphosphate with increasing 

concentrations of florfenicol however it is not a simple relationship 
and is also impacted by temperature. 

Water: 0.5 ,10, 100, 
500, 1000 µg/L 0.5 µg/L Guo et al. (2025) 

Marine 
Neurotoxicity: increasing florfenicol concentrations resulted in 

decreased acetylcholinesterase activity in embryos, effects also linked 
to temperature. 

Water: 0.5, 10, 100, 
500, 1000 µg/L Clear at 1000 µg/L Guo et al. (2025) 

Marine 

Oxidative stress: No impact on glutathione peroxidase activity or 
malondialdehyde content or heat shock protein 90. 

Cytochrome P450 was impacted by florfenicol concentration and 
temperature, at 20˚C and 30˚C florfenicol concentrations between 

0.5 – 100 µg/L stimulated cytochrome while at 25˚C all 
concentrations decreased it. 

Water: 0.5, 10, 100, 
500, 1000 µg/L 0.5 µg/L Guo et al. (2025) 

Marine Effected gene expression, with some increasing and others decreasing 
(inflammatory response). 

Water: 0.5, 10, 100, 
500, 1000 µg/L 0.5 µg/L Guo et al. (2025) 

Marine DNA damage and apoptosis: effected gene expression, with some 
increasing and others decreasing. 

Water: 0.5, 10, 100, 
500, 1000 µg/L 0.5 µg/L Guo et al. (2025) 

Nile tilapia - juvenile 

Oreochromis niloticus 
Freshwater Oxidative stress in hepatocytes, causing cellular oxidative damage with 

48 hours exposure. Water: 11.72 mg/L 11.72 mg/L Shiroma et al. 
(2020) 

Zebrafish  

Danio rerio 
Freshwater Oxidative damage to the liver and gill tissues. Water: 0, 5, 10, 20, 

40 mg/L 20 mg/L Yun et al. (2023) 

Flora 

Median effect 
levels 

Duckweed  

Lemna minor 

Freshwater LC 50 - 7 days Not reported 97.03 mg/L Carraschi et al. 
(2015) 

Freshwater LC 50 Not reported 
2.96 mg/L 

(confidence interval: 
2.63 – 3.35 mg/L) 

Kolodziejska et al. 
(2013) 
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Appendix B 
Table B 1. Complete list of the species that had associated toxicity values that passed the quality assessment criteria (Warne et al. 2025) 
for use in derivation of the interim guideline value for florfenicol  

Scientific name Taxonomic group 
(refer to Table 5 in 
Warne et al. (2025)) 

Media type  

freshwater = < 0.5 
ppt 
estuarine = 0.5-24 
ppt 
marine = 25-36 ppt 

Acute/ chronic Endpoint 
measurement 

Toxicity estimate Reference 

Artemia 
Parthenogenetica 

Crustacean Marine  Acute Mortality LC50 Ferreira et al. 
(2007) 

Chlorella pyrenoidosa Green microalga Freshwater Chronic  EC50 Lai et al. (2009) 

Chlorella pyrenoidosa Green microalga Freshwater Chronic Growth (rate) NOEC Lai et al. (2009) 

Chlorella pyrenoidosa Green microalga Freshwater Chronic Growth (rate) EC10 Wang et al. (2016) 

Chlorella pyrenoidosa Green microalga Freshwater Chronic  EC50 Wang et al. (2016) 

Daphnia magna Crustacean Freshwater Acute  EC50 Kolodziejska et al. 
(2013) 

Daphnia magna Crustacean Freshwater Chronic Reproduction 
(number of 
juveniles per 
female) 

EC20 Martins et al. 
(2013) 

Daphnia magna Crustacean Freshwater Chronic  EC50 Martins et al. 
(2013) 

Daphnia magna Crustacean Freshwater Chronic Reproduction 
(number of 
juveniles per 
female) 

NOEC Martins et al. 
(2013) 
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Daphnia magna Crustacean Freshwater Chronic Reproduction 
(number of 
juveniles per 
female) 

EC20 Martins et al. 
(2013) 

Daphnia magna Crustacean Freshwater Chronic  EC50 Martins et al. 
(2013) 

Daphnia magna Crustacean Freshwater Chronic Reproduction 
(number of 
juveniles per 
female) 

NOEC Martins et al. 
(2013) 

Daphnia magna Crustacean Freshwater Acute - EC50 Zhang et al. (2021) 

Daphnia magna Crustacean Freshwater Acute  EC50 Zhang et al. (2021) 

Daphnia magna Crustacean Freshwater Acute  EC10 Pino-Otin et al. 
(2024) 

Daphnia magna Crustacean Freshwater Acute  EC50 Pino-Otin et al. 
(2024) 

Isochrysis galbana Golden-brown 
microalga 

Marine Chronic  EC50 Zhang et al. (2020) 

Isochrysis galbana Golden-brown 
microalga 

Estuarine Chronic  EC50 Lai et al. (2009) 

Isochrysis galbana Golden-brown 
microalga 

Marine Chronic Growth (yield) NOEC Zhang et al. (2020) 

Isochrysis galbana Golden-brown 
microalga 

Estuarine Chronic Growth (rate) NOEC Lai et al. (2009) 

Lemna minor Macrophyte Freshwater Chronic Mortality LC50 Carraschi et al. 
(2015) 

Lemna minor Macrophyte Freshwater Chronic Growth (frond 
area) 

EC50 Kolodziejska et al. 
(2013) 
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Oreochromis niloticus Fish Freshwater Acute Mortality LC50 Mattioli et al. 
(2020) 

Oreochromis niloticus Fish Freshwater Acute Growth (length) EC50 Mattioli et al. 
(2020) 

Oreochromis niloticus Fish Freshwater Acute Growth (weight) EC50 Mattioli et al. 
(2020) 

Piaractius 
mesopotamicus 

Fish Freshwater Acute Mortality LC50 Carraschi et al. 
(2011) 

Pseudokirchneriella 
subcapitata 

Green microalga Freshwater Chronic Growth (yield) EC50 Christensen et al. 
(2006) 

Pseudokirchneriella 
subcapitata 

Green microalga Freshwater Chronic Growth (yield) EC50 Christensen et al. 
(2006) 

Pseudokirchneriella 
subcapitata 

Green microalga Freshwater Chronic Growth (yield) EC50 Christensen et al. 
(2006) 

Scenedesmus 
vacuolatus 

Green microalga Freshwater Acute Growth (yield) EC50 Kolodziejska et al. 
(2013) 

Skeletonema 
costatum 

Diatom Marine Chronic  IC50 Liu et al. (2012) 

Skeletonema 
costatum 

Diatom Marine Chronic Growth (rate) NOEC Liu et al. (2012) 

Tetraselmis chuii Green microalga Marine Chronic  IC50 Ferreira et al. 
(2007) 

Tetraselmis chuii Green microalga Estuarine Chronic Growth (rate) NOEC Lai et al. (2009) 

Tetraselmis chuii Green microalga Estuarine Chronic  EC50 Lai et al. (2009) 

Tetraselmis chuii Green microalga Marine Chronic  IC50 Ferreira et al. 
(2007) 
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Tetraselmis chuii Green microalga Marine Chronic Growth (yield) NOEC Ferreira et al. 
(2007) 

Tetraselmis suecica Green microalga Marine Chronic  IC50 Seoane et al. (2014) 

Tetraselmis suecica Green microalga Marine Chronic Growth (rate) NOEC Seoane et al. (2014) 

Ceriodaphnia silvestrii Crustacean Freshwater Chronic Reproduction 
(number of 
juveniles per 
female) 

EC10 Freitas et al. (2018) 

Ceriodaphnia silvestrii Crustacean Freshwater Chronic  EC50 Freitas et al. (2018) 

Ceriodaphnia silvestrii Crustacean Freshwater Chronic Reproduction 
(number of 
juveniles per 
female) 

NOEC Freitas et al. (2018) 

Ceriodaphnia silvestrii Crustacean Freshwater Chronic  LOEC Freitas et al. (2018) 

Ceriodaphnia silvestrii Crustacean Freshwater Acute  EC50 Freitas et al. (2018) 

Ceriodaphnia silvestrii Crustacean Freshwater Acute  EC50 Freitas et al. (2018) 

Ceriodaphnia silvestrii Crustacean Freshwater Acute  EC50 Freitas et al. (2018) 

Oryzias melastigma Fish Estuarine Chronic Hatching NOEC Guo et al. (2025) 

Oryzias melastigma Fish Estuarine Chronic  LOEC Guo et al. (2025) 
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