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LEGACY AFFF
What’s in it?

What components drive toxicity?

Is PFOS concentration a good predictor of mixture toxicity?
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PART 1: WHAT’S IN IT?
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PART 2: WHAT DRIVES TOXICITY?
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ZEBRAFISH
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OECD 236 FET (FISH EMBRYO TOXICITY) TEST

(Lammer et al. 
2009)
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• AFFF Mortality curve most closely resembled the detergents.
• Dilutions of AFFF based solely to match PFOS concentrations 

was 100% lethal
• PFHxS did not reach a LC50 at concentrations found in the 

legacy AFFF
• PFOS+PFHxS mixture mortality was similar to PFOS alone*

WHAT DRIVES LETHALITY?

Annunziato et al., EHP 2020

3- 4 experimental replicates, 15 embryos exposed individually per concentration and chemical



• Growth
• Yolk sac utilization
• Gross deformities
• Internal organ formation

SUBLETHAL EFFECTS

Annunziato et al., EHP 2020



Annunziato et al., EHP 2020



EXOCRINE PANCREAS TRUNCATION

Partial pancreatic agenesis

PFOS PFBSAFFF

Annunziato et al., EHP 2020 Sant et al., Env. Poll 2017 Sant et al., Tox Sci 2019



ABNORMAL BETA CELL DEVELOPMENT

Normal Fragmented



FRAGMENTED ISLET DEVELOPMENT

Annunziato et al., EHP 2020



LIVER DEVELOPMENT

Bars represent mean ± SEM. Asterisk (*) indicate p<0.05, One-Way ANOVA, Tukey’s HSD posthoc test. N=37-45 larvae per 
treatment group

• AFFF impeded liver 
growth in embryos

• PFOS did not affect 
liver growth

Annunziato et al., EHP 2020



PART 3: IS PFOS CONCENTRATION A 
GOOD PREDICTOR OF AFFF 
MIXTURE TOXICITY?



AFFF COMPARISON TO PFOS
AFFF (%) PFOS (µM)

2.20e-4 4.40e-4 8.80e-4
16 32(1.38 µM PFOS) (2.76 µM 

PFOS)
(5.52 µM PFOS)

Body Length     
Yolk Sac Area     
Liver Length    
Beta Cell Islet Area    
Beta Cell Aberrant 
Morphology 

   

Stunted Exocrine 
pancreas

    

 indicates a significant increase;  indicates a significant decrease;  indicates no significant changes. 



TAKE-AWAYS

• Subtle developmental effects can be informative (liver, pancreas) and differ from LC50s
• AFFF is more acutely toxic that PFOS alone

• Knowledge gaps:

•Mixture toxicity
•Mechanisms
•Critical exposure windows



PRECONCEPTION AS A CRITICAL 
WINDOW OF EXPOSURE
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Exposure Paradigm



PFOS MEASUREMENTS
 PFOS levels are higher in the ovaries than liver. 

p=0.0502

Preliminary data, n= 3 females, t-test.  

 PFOS is loaded into the eggs across 
all breeding events but PFBS is depurated

Marin et al., in prep
Annunziato et al., Chemosphere 2021



PANCREATIC ᵦ-CELL DEVELOPMENT
At 5DPF: 

 embryos from 0.14 PFOS group have a decreased islet area compared to controls.
 PFBS maternal exposure only affected islet growth after depuration had occurred-

lasting metabolic impacts?

Marin et al., in prep
Annunziato et al., Chemosphere 2021






TAKE-AWAYS

• When the exposure occurs matters 
• PFAS with shorter half-lives can have lasting impacts on lipid health even after depuration
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