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Historical Historical ERAsERAs for Human Active for Human Active 
Pharmaceutical Ingredients (API)Pharmaceutical Ingredients (API)

Prediction of potential environmental Prediction of potential environmental 
concentrations (PEC)concentrations (PEC)

ShortShort--term lethality assays with algae, term lethality assays with algae, 
cladocerancladoceran and fish conducted if some threshold and fish conducted if some threshold 
(e.g., 1 (e.g., 1 ppmppm) exceeded) exceeded

Little/no consideration of potential longLittle/no consideration of potential long--term term 
toxicity, secondary impacts (e.g., via toxicity, secondary impacts (e.g., via 
bioaccumulation), effects of metabolites, etc.bioaccumulation), effects of metabolites, etc.

Little emphasis on possible ecological effectsLittle emphasis on possible ecological effects



Relevant Properties of APIsRelevant Properties of APIs

Present at low, often constant concentrations in Present at low, often constant concentrations in 
water bodieswater bodies
Comprised of chemicals representative of Comprised of chemicals representative of 
relatively few MOA classesrelatively few MOA classes
Usually designed not to be highly lethalUsually designed not to be highly lethal
Target specific biochemical pathways that can Target specific biochemical pathways that can 
be highly conservedbe highly conserved

Suggests potential for chronic (not acute) toxicity



Examples of Examples of Acute:ChronicAcute:Chronic Ratios Ratios 
(ACR) for APIs(ACR) for APIs

EthynylestradiolEthynylestradiol
Copepod: 10.2 (Copepod: 10.2 (BreitholzBreitholz et al. 2001)et al. 2001)
Fish: 150,000 (Hutchinson et al. 2003)Fish: 150,000 (Hutchinson et al. 2003)

PropranololPropranolol
Amphipod: 59.6 (Amphipod: 59.6 (HuggettHuggett et al. 2002)et al. 2002)
Fish: >48,500 (Fish: >48,500 (HuggettHuggett et al. 2002)et al. 2002)



The ChallengeThe Challenge

Dealing with (potentially) 100s to1000s of Dealing with (potentially) 100s to1000s of 
chemicals, some that could have chemicals, some that could have 
significant chronic toxicitysignificant chronic toxicity

Trying to protect all microbial, plant and Trying to protect all microbial, plant and 
animal species, with uncertainty about animal species, with uncertainty about 
most sensitive phylamost sensitive phyla



The Proposed SolutionThe Proposed Solution

Test a set of reference APIs with defined MOATest a set of reference APIs with defined MOA
Microbes, plants, and animals representative of phyla Microbes, plants, and animals representative of phyla 
of concernof concern

Define logical suites of tests for untested APIs to Define logical suites of tests for untested APIs to 
estimate riskestimate risk

Conduct post hoc environmental monitoring to Conduct post hoc environmental monitoring to 
assess robustness of risk prediction assess robustness of risk prediction 
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Test Test Design(sDesign(s) and Endpoints) and Endpoints

Use existing methods with easilyUse existing methods with easily--tested tested 
speciesspecies
Conduct shortConduct short--term and partialterm and partial-- or fullor full--life life 
cycle testscycle tests
Focus on Focus on ““traditionaltraditional”” wholewhole--animal animal 
endpoints germane to risk assessmentsendpoints germane to risk assessments
Supplement with diagnostic (Supplement with diagnostic (““biomarkerbiomarker””) ) 
endpoints that reflect MOAendpoints that reflect MOA



Relevant Phyla for API TestingRelevant Phyla for API Testing

BacteriaBacteria
AlgaeAlgae
Higher plantsHigher plants
CnidariansCnidarians
MolluscsMolluscs
Annelids

CrustaceansCrustaceans
InsectsInsects
EchinodermsEchinoderms
FishFish
AmphibiansAmphibians

Annelids



Examples of Reference APIsExamples of Reference APIs

Acetaminophen (analgesic)Acetaminophen (analgesic)
Diazepam (antiDiazepam (anti--epileptic)epileptic)
EthynylestradiolEthynylestradiol (estrogen agonist)(estrogen agonist)
FluoxetineFluoxetine (SSRI)(SSRI)
FlutamideFlutamide (androgen antagonist)(androgen antagonist)
LovastatinLovastatin (lipid metabolism)(lipid metabolism)
MitomycinMitomycin C (C (cytotoxincytotoxin ---- antianti--cancer)cancer)
PropranololPropranolol (beta (B2) blocker)(beta (B2) blocker)
Tetracycline  (antibiotic)Tetracycline  (antibiotic)
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Test SelectionTest Selection

Conduct Conduct ““base test suitebase test suite”” to provide to provide 
common baseline for APIs of potential common baseline for APIs of potential 
ecological concernecological concern

Algal growth (72 h)Algal growth (72 h)
CladoceranCladoceran reproduction (7reproduction (7--21 d)21 d)
Fish partialFish partial--life cycle (7life cycle (7--10 d or 3010 d or 30--60 d)60 d)



Test SelectionTest Selection

Conduct Conduct ““supplementalsupplemental”” tests selected tests selected 
based on chemicalbased on chemical--specific considerationsspecific considerations

Sensitive species/endpoints identified in Sensitive species/endpoints identified in 
MOAMOA--based testing programbased testing program

Unique Unique physicophysico--chemical characteristics chemical characteristics 
KowKow, photo, photo--reactivity, etc.reactivity, etc.

Assessment scenario  Assessment scenario  



Test SelectionTest Selection

Use data from drug registration process to Use data from drug registration process to 
help identify supplemental tests. help identify supplemental tests. 

Examples of data collected include:Examples of data collected include:
Primary and secondary MOAPrimary and secondary MOA
Pharmacokinetics/dynamicsPharmacokinetics/dynamics
StabilityStability
Biotic and Biotic and abioticabiotic metabolitesmetabolites



Examples of Supplemental TestsExamples of Supplemental Tests

Fish reproduction for estrogen agonistsFish reproduction for estrogen agonists
Amphibian metamorphosis for thyroidAmphibian metamorphosis for thyroid--active active 
APIsAPIs
BlueBlue--green algal tests for antibioticsgreen algal tests for antibiotics
BioconcentrationBioconcentration and/or sediment tests for and/or sediment tests for 
chemicals with high chemicals with high KowKow
Assays with marine species for chemicals Assays with marine species for chemicals 
discharged into marine environmentsdischarged into marine environments
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Post Release MonitoringPost Release Monitoring

Ascertain that exposure predictions (PEC) Ascertain that exposure predictions (PEC) 
are accurateare accurate

Document lack of (or degree of) impactsDocument lack of (or degree of) impacts

May employ techniques/endpoints May employ techniques/endpoints 
developed as part of original testingdeveloped as part of original testing



Basic Field Monitoring ApproachesBasic Field Monitoring Approaches

Target chemical monitoringTarget chemical monitoring
Parent and/or metabolites in water and/or Parent and/or metabolites in water and/or 
biotabiota

In situIn situ biological monitoringbiological monitoring
Caged animals (fish, mollusks), with both Caged animals (fish, mollusks), with both 
apical and biomarker endpointsapical and biomarker endpoints

Ecological monitoringEcological monitoring
Evaluates condition potentially at cellular to Evaluates condition potentially at cellular to 
community levelscommunity levels



SummarySummary

Focused, technicallyFocused, technically--rigorous approach rigorous approach 
emphasizes on testing based on MOAemphasizes on testing based on MOA

Identification of test Identification of test ““tool boxtool box”” (species, (species, 
endpoints) using model APIs/diverse phylaendpoints) using model APIs/diverse phyla

Selection of chemicalSelection of chemical--specific test suites specific test suites 
based on based on physicophysico--chemical properties and chemical properties and 
assessment scenarioassessment scenario

Application of routine followApplication of routine follow--up monitoringup monitoring
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