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Tributyltin (TBT) Background

• Umbrella term for a class of 
organotin compounds which 
contain the (C4H9)3Sn groups                                  

Used for 40 yrs as a biocide in anti-
fouling paint applied to ship hulls    

• Recognized as an ED for several decades but its 
MoA was not elucidated until the last decade



TBT Background  (Cont’d.)

• Restricted as early as 1982 but                     
not globally banned until 2008

• Main environmental inputs-contaminated 
harbor and marina water and sediments

• TBT may be one of the most toxic man-made 
chemicals intentionally released to the 
environment eliciting an endocrine response
– 1 ng/l water or 10 ng/g whole body for ED effects
– Low ug/l aqueous or ug/g tissue for lethality



TBT Background (Cont’d.)

• Sublethal responses well documented 
• Most noteworthy development of male 

sexual characteristics in female 
gastropods (imposex)



SETAC Pellston Workshop™ “Environmental Hazard and 
Risk Assessment Approaches for Endocrine-Active 

Substances (EHRA)”

• January 31st - February 5th 2016 in Pensacola, Florida

• Primary aim to provide objective advice to regulators and policy 
makers for making informed decisions on whether to select an 
environmental hazard- or a risk-based approach for regulating a 
given endocrine-disrupting substance

• TBT was selected as 1/6 case study chemicals with data-rich 
ED relevant information at all biological levels of organization for 
one or more ecologically-relevant taxa

• Main Conclusion: If environmental exposure, effects on relevant 
taxa/life-stages, potential for delayed effects and 
dose/concentration-response relationships are characterized, 
then conducting environmental risk assessment of EDs is 
scientifically sound, and is the preferred option



Pellston Methods Used to Evaluate TBT
• Comprehensive literature review

– 160/965 reports, papers & grey literature
– Fish (45), molluscs (55), others (60)

• Quality evaluation of relevant data
– Previously validated for regulatory review
– Others quality checked and scored using 

Klimisch scores/ToxRTool
– Only Klimisch 1 and 2 studies used
– Assembled in a framework using levels of the Organization for 

Economic Co-Operation and Development (OECD) 
Conceptual Framework for the Testing and Assessment of 
Endocrine Disrupters 

– TBT field studies evaluated by expert judgement
– To aid comparisons between studies, all TBT concentrations 

were normalized via MW to TBT ion



Primary molecular initiating event 
(MIE)

• Analysis of TBT using ToxCastTM



Summary of Level 1 (Non-test) ED Data 
for TBT Based on ToxCast

• TBT is a promiscuous chemical exhibiting activity in 
285 assays across 20 target families

• TBT can act across a number of toxic pathways 
including endocrine and non-endocrine MIE



Proposed Putative Adverse Outcome Pathways for TBT Toxicity



Species Sensitivity Distribution (SSD) 
for toxic effects in aquatic organisms



Cumulative Distribution Function (CDF) constructed 
with TBT (ng/g) that induce imposex in molluscs



TBT is a highly potent endocrine disrupter



Conclusions and Recommendations
• Environmental [TBT] post 2008 (0.1-8ng/L) suggest 

continued risk from legacy contamination

• TBT introduced in the early 1960’s, would it be identified 
as an ED using current screening and testing methods?

• Typical ED responses often mimic estrogen, androgen, 
and thyroid pathway hormones

• TBT is NOT a classic ED, it impacts reproductive and 
metabolic pathways primarily through interaction with the 
retinoid X receptor (RXR) and the PPARγ nuclear receptors



Conclusions (Cont’d)

• Using OECD CFEDTA assays TBT
– Altered sex ratios & sperm abnormalities in FSDT (zebrafish)
– Delayed frog development in the AMA
– TBT clearly would be identified as an ED but, its MOA?

• However, refinements to ToxCastTM allowed
– Identification of TBT’s MIE through the RXR and/or PPARγ 

pathways at levels far < baseline toxicity (0.1-10ng/L)
– TBT’s precise MOA still incomplete but could include:

• Cross talk between PPARs (i.e., carbohydrate, lipid, protein metabolism) 
• RXRs (i.e., development)
• Thyroid (growth)
• Sex determination and differentiation pathways



Conclusions (Cont’d)

• Molluscs were long recognized as uniquely 
sensitive to TBT

• Our more thorough evaluation of the 
literature identified that fish are as 
sensitive or more so than molluscs to TBT

• If our current screening and assessment 
methods were available when TBT was 
introduced, it is quite likely that it would 
have been regulated sooner



Well That’s it in a Nutshell

Thank You for Your Attention!
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