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>5000 prescription 
medications that 
keep us healthy

Pharmaceuticals

100s Pharmaceuticals 
detected in aquatic environments

& pose a risk to aquatic biota

Arnold et al. 2014 PTRS B, U.S. FDA 2020



104 countries

Only 2 rivers had 
no detections

25 % had harmful
levels of

pharmaceuticals

Pharmaceutical pollution 
poses a global threat 

Wilkinson et al.  2022 Proc Nat Acad Sci

Assessment of 
258 rivers                  



Rate of production & 
release far outpacing 

ability to 
assess safety

Bernhardt et 
al. 2017 Front 
Ecol Env



18 prescriptions/yr

6.4 billion 
prescriptions in 2021

Americans consume 
50% of 

world’s 

Florida ranks 3rd

IQVIA Institute, 2022



1. Is 
pharmaceutical 
pollution a Florida
problem?

Is there any 
2. Do we see 
evidence of human 
exposure?

Field & Stream



 Statewide distribution in inshore habitats 
(near pollution sources)

 Popular recreational & food fishery 

 New regional 
management 
that considers
habitat  metrics

Redfish



How do pharmaceuticals end up in                   ?

OECD 2019



How do pharmaceuticals end up in                   ?

OECD 2019

Urban waste 
discharge is 

dominant pathway 



Canal

How do pharmaceuticals end up in                   ?

WWT

30-90% of oral doses 
excreted as active 

substances 



Canal

1/3
Septic 

systems

2/3
Sewer 

systems

How do pharmaceuticals end up in                   ?

Pharmaceuticals 
are not 

Removed
0-97% - beta blocker 30%

WWT
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Is pharmaceutical pollution a Florida problem?
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9 estuaries1.Are pharmaceuticals 

everywhere?

2.Are levels concerning?

3.What are concerning drugs?

4. Is there human exposure?
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Is pharmaceutical pollution a Florida problem?

5-15 samples/estuary
Total: 113 samples

1.Are pharmaceuticals 
everywhere?

2.Are levels concerning?

3.What are concerning drugs?

4. Is there human exposure?



Is pharmaceutical pollution a Florida problem?

If > 1/3 = fish expected to experience 
drug effects 

1/3 
Therapeutic 

level

Human 
Therapeutic 

level
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Is pharmaceutical pollution a Florida problem?

1.Are pharmaceuticals 
everywhere?

2.Are levels concerning?

3.What are concerning drugs?

4. Is there human exposure?

Tested for 95

pharmaceuticals   
in 13 categories

# Pharmaceutical Type
# of 

Pharmaceuticals
1 Psychoactive 31
2 Cardiovascular 21
3 Antibiotic 12
4 Antihistamine 9
5 Opioid 5
6 Antifungal 4
7 Antiparkinson 4
8 Diabetes 4
9 Endocrine 3

10 Muscle Relaxant 3
11 Corticosteroid 2
12 Neuroactive Pain Reliever 2
13 Anti-inflamatory 1
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3.What are concerning drugs?

4. Is there human exposure?

OECD 2019



Is pharmaceutical pollution a Florida problem?

1.Are pharmaceuticals 
everywhere?

2.Are levels concerning?

3.What are concerning drugs?

4. Is there human exposure?



5 Findings



1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a Florida problem?1. Pharmaceutical were found in every estuary



1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a Florida problem?

 94% had at least 1
(7 zeros/113 fish)

 Average = 2.1

17 pharmaceuticals      
detected

# 
of

 re
df

ish

# of pharmaceuticals

1. Pharmaceutical were found in every estuary



1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a Florida problem?2. Estuaries varied in exposure
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1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a Florida problem?2. Estuaries varied in exposure

TAMPA BAY & 
APALACHACOLA are highest

> 3 pharmaceuticals/fish

FLORIDA BAY &
INDIAN RIVER LAGOON are 
lowest

= 1 pharmaceuticals/fish



1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a Florida problem?2. Estuaries varied in exposure

Pharmaceuticals
varied across regions

More variable 
assemblages in
WEST Florida

FLB JCK

IRL

CH

APL

PEN

CK

TB



1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a problem?  YES3. 1 in 4 redfish should feel effects 



25.7% of 113 redfish
above 1/3 threshold
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25.7% of 113 redfish
above 1/3 threshold

Higher in west coast 
estuaries 
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1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a problem?  YES4. 5 pharmaceuticals were most concerning



Flecainide: Antiarrhythmic agent

Tramadol: Opioid pain reliever

Caffeine: Stimulant

Flupentixol: Schizophrenia & 
antidepressant 

Donepezil: Alzheimer’s dementia

1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a problem?  YES4. 5 pharmaceuticals were most concerning

53% 52%
43%

21%
10%

85% of detections
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1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a problem?  YES4. 5 pharmaceuticals were most concerning

Flecainide: unknown

Tramadol: gill/liver damage, - activity 
+ boldness/+ asocial, delayed 

hatching, withdraw

Caffeine: anxiety-like effects, erratic mov 
delayed response, cell/DNA 

damage

Flupentixol: unknown/Canada

Donepezil: aggression, muscle 
weakness, anxiety
effects

53% 52%
43%

21%
10%%

 o
f r

ed
fis

h 

85% of detections



Flupentixol = schizophrenia & 
antidepressant

Every detection in an exceedance

Detect at high levels in Czech Rep

High risk of effects

1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a problem?  YES

62%

4. 5 pharmaceuticals were most concerning

21%

%
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 1
/3
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1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a problem?  YES4. 5 pharmaceuticals: West coast



1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a problem?  YES4. 5 pharmaceuticals: East coast



1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a problem?  YES5. Exposure via consumption…very low levels 



1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a problem?  YES

Detected in 38.5% of muscle 

11 pharmaceuticals

52% of detections were 
Flecainide & Tramadol 

Average: 0.6

5. Exposure via consumption…very low levels 



1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a problem?  YES

At most 0.002% of dose/serving

48,000 servings for full dose

No acute risk but allergies*

Part of other exposure, so real 
exposure is unknown 

Chronic risk to mixtures at low levels 
is unknown

5. Very low exposure via consumption 



1. Are pharmaceuticals a problem?  YES1. Are pharmaceuticals a problem?  YES

We propose to examine potential 
PFAS contaminants in redfish

PFAS pose more risk than 
pharmaceuticals via 

consumption

5. Exposure via consumption…next steps



Pharmaceutical pollution 
IS a Florida problem



Pharmaceutical pollution 
IS a Florida problem

1. Widespread exposure across estuaries
- Both large & small cities

2. Exposure to a few pharmaceuticals

3. But high concentrations
- 25% of fish with expected effects  

Our Wastewater issues are 
statewide 



…with limited 
understanding of what 

it means

This can be fixed
1. SOURCE:  - Insert env risk assessment into pharmaceutical 

authorization process
- Production of green pharmaceuticals (eco-labeling)

2. USER:       - Reduce need & optimize use
- Best practices for disposal (human & vet purposes)

3. END OF PIPE:  - Upgrade WWT for removal 
- Best practices for use & removal of biosolids
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WWT Upgrade: Sweden, Switzerland, Netherlands & Germany

Ozonation is 
most cost 
effective

35% more 
costly than 
conventional  
treatment   



Need to apply 
sustainability thinking to 

our wastewater 

World’s largest water 
recycling: Orange Co, 

CA

Reverse osmosis + UV oxidation

Need to rethink 
wastewater: Too valuable 

& damaging

Move to recycle 
wastewater

Wastewater
becomes a safe source of 

energy, fertilizer 
& 100% clean water



Apply sustainability 
thinking to our wastewater 

This is an 
opportunity for 

Florida to lead 



Huge thank you to all the 
guides and anglers that 

made this study possible!

Capt Jim Brown, 
Apalachicola

Capt Nick Castillo, 
Florida Bay

Capt Josh Greer, 
Charlotte Harbor

David Vales, 
Indian River Lagoon

JoEllen Wilson, 
Charlotte Harbor

Anthony Morgan, 
Pensacola

Capt Rami Ashouri, 
Jacksonville



Thank you!
Andy Distrubell adist002@fiu.edu

Dr. Jenn Rehage fishscience@fiu.eduMarsh Tailer, Kevin Putman

Questions?
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