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questions

• How do biochemical factors in fish influence susceptibility to UV filter 
inputs? 
• What are the acute or chronic toxicity endpoints? 

• What is the biological and environmental relevance of these endpoints? 
• How do they influence ecosystem and organism functions?
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Toxicokinetics (ADME) and Susceptibility
• Exposure

• Wastewater dominated systems
• Low dilution low turnover water bodies
• UV light (increases toxicity)

• Photodegradatesàsimilar biological activity
• DOC?  Log Kow=3-4

• Tropical environments?
• Chemical confirmation very important (esp. static systems)

• Absorption
• pH (climate change)—increase absorption?
• Log Kow
• ABC transporters- affect elimination as well

• Distribution
• Plasma binding/Blood Flow

• Storage
• Log Kow-lipid storage?---metabolism….
• Lipid status (off-loading to gonads)
• Reproductive strategies 





Collection Sites 

Hawaii

Australia



Objective #1 

Australian C. kleinni
Obligate soft coral (Lobophytum spp.)

Australian C. auriga
Generalist

Australian C. lunulatus
Obligate hard coral (Acorapora

spp.)

Hawaiian C. lunulatus
Obligate hard coral (Porities 

spp.)
VS.

Hawaiian C. kleinii
Plankton, facultative hard coralVS.

VS.
Hawaiian C. auriga

Generalist 

Hawaiian C. unimaculatus
Obligate Hard coral (Montipora

spp.) 

Australian C. unimaculatus
Obligate Soft coral

(Lobophytum spp & Sinularia spp .)
VS.



C. auriga
Both Generalist
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C. unimaculatus
A-Soft Coral   H-Hard coral
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Acute vs. Chronic Toxicity Endpoints

• Acute Toxicity
• Short duration of exposure

• 96 h for fish
• Rapid response endpoints

• Lethality—LC50
• Growth ?--EC50

• Usefulness tied to rapidly acting agents 
• (Neurotoxic or Narcosis Agents)



Acute vs. Chronic Toxicity Endpoints (cont)

• Chronic Toxicity
• Longer duration of exposure

• 28 d for fish (represents ~one life cycle)
• Longer term response endpoints (NOEC/LOEC)

• Monotonicity vs. non-monotonicity (EDC MOA)
• Reproduction

• Fecundity
• Hatch rate/success

• Growth
• Life stage matrix parameter

• Histology
• Reproductive organs

• Survival
• Development



An Adverse Outcome Pathway (AOP) is a conceptual framework that portrays existing knowledge concerning the 

linkage between a direct molecular initiating event and an adverse outcome, at a level of biological organization 

relevant to risk assessment.

(Ankley et al. 2010, Environ. Toxicol. Chem., 29(3): 730-741.)
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• Helps us organize what we know

• And utilize that knowledge to support risk-based decision-making

IntroductionAdverse Outcome Pathways



Kunz et al. Toxicological Sci. 2006

ER activation-----------------------------------à Vitellogenin



Fent et al. 2008

Kim & Choi 2014



Fent et al.



Hazard assessments of individual UV filters using predicted river concentrations

Fent et al. 2008



Mixtures?





BP3 assessments

Schlenk et al. 2005



TIE of Estrogenic Sediment Extracts from LACSD outfall

Schlenk et al. 2005



ng/g

BP-3



Threshold estimates for BP3 in medaka



Other studies (BP-3)
• Bluthgen et al. 2012

• 14 d and embryonic exposures 

• No Vtg
• BP3àBP1

• Anti-androgenic based on gene expression in male testes
• No histological changes
• No embryonic effects up to 438 ug/L

• Kim & Choi 2014
• PNEC 1.32 ug/L (all biota)

• Kinnberg et al. 2015 (ETC)
• OECD TG 234
• 0-60d post hatch exposure

• Skewed sex monotonic females NOEC 191 ug/L;  LOEC 388 ug/L
• No Vtg
• 12 d exposures to  adults non-monotonic at 268 ug/L

• Tao et al 2020 (STOTEN)
• Single dose 10 ug/L (nominal) embryonic exposure 6-24 hpf

• Increased movement 21 and 24 hpf
• Increased locomoter activity  5 dpf
• Decreased shoaling behavior 11 dpf
• Decreased axonal growth/apoptosis 27 hpf
• RXR morpholinos reversed effects
• Non-endocrine….neurotoxicity more important

• Sandoval-Gio 2021 (BECT)
• 1-10 ug/L (nominal) embryonic exposure 4-72 hpf
• No effect on hatch, survival

• Decreases in Achase expression/activity (no positive control)

• Xu et al. 2021 (BECT)
• exposure embryo-42 d (Fo) +/- 96 hr (F1) (0.056-38 ug/L)
• Monotonic skewed sex ration to female F1 (LOEC 2.3 ug/L; NOEC 0.056 ug/L)
• Decreased hatch rate from F1 embryos after parental exp0sures *** (no NOEC—LOEC 0.056 ug/L);  identical response when F1 received parental and embryonic exposures

• Decreased movement in F1 not receiving parental exposure (LOEC 0.056 ug/L) non-monotonic
• Decreased heart beat and growth  Fo embryos (no additional exposure) and F1 embryos with and without parental exposure.  0.056 ug/L non-monotonic



Species/Lab differences

• Static  measured chem vs. Nominal
• Before and after (cosmetic contamination?)

• Single dose vs. Dose response
• Inconsistent Non-montonicity
• Inconsistent Neurotoxicity

• Dose?

• Metabolism species differences
• Medaka and zf are different



Ecological Relevance

• Leslie’s Matrix Population Estimate Model 
(Miller and Ankley 2005)

• Fathead Minnows

• Age-structured life history Matrix Model (Baldwin et al. 2009)
• Salmonid Feeding behavior/growth(length)

• Quantitative AOPs
(Conally et al. 2017)



Conclusions

• Susceptibility
• ADME toxicokinetic modifications  

• Factors that enhance body burdens
• Climate impacts

• Factors that reduce detox; enhance bioactivation
• Mixtures

• Relevance of Acute or Chronic Effects
• Acute impacts (lethality) high uncertainty with UV filters

• Uncertainty factors warranted for compounds without chromic data

• Chronic impacts (growth, survival, reproduction, development)
• Better predictions to Population and Ecosystem impacts

• Uncertainty associated with species differences (SSDs)
• Adverse Outcome Pathways 



Uncertainties with Laboratory estimates

• Static  measured chem vs. Nominal
• Before and after (cosmetic contamination?)

• Single dose vs. Dose response
• Inconsistent Non-montonicity
• Inconsistent Neurotoxicity

• Dose?
• Metabolism species differences

• Medaka and zf are different
• Models linking reproduction to population

• Limited life history information/recruitment in the field
• Mixtures

• Chemical—limited data indicate antagonistic response
• Other contaminants unclear

• Non-chemical stressors (climate change)



Questions

daniel.schlenk@ucr.edu


