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Bioreactor

Acetaminophen, NSAID’s

Promethazine, Meclizine

Antibiotics (distinct 
rounds)

Zolpidem, Zaleplon

ACE-I, ARB, Ca-Channel 
blockers, Statins, 

Metformin, SGLT-2 
Inhibitors

EVA and/or Manual Labor

Space Motion Sickness

Infection

Sleep Alteration

Daily Living Regular Intervals

Semi-Regular

Intermittent

Intermittent

Semi-Regular



Refugee Health



Space Exploration

• Some pharma classes used more 

than others

• Effects possibly magnified

• Space pharma landscape shifting
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• Antibiotics in environment known to alter prevalence of 

antibiotic resistance genes (ARG’s) and antibiotic 

resistant bacteria (ARB’s).

• Presence of ARG’s has negative influences on public 

perceptions of wastewater reuse and its economic 

viability
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• Primary removal mechanism
• Slower growing microbes

• Biologically based sorptive capacity
• Supplemental capacity, e.g. GAC, PAC
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Drug Dose
Fecal Concentration 

(mg/kg)
Active Drug

Ampicillin 500 mg QID ** 
(detected in only 1 

participant)
+

Bacitracin 25K IU QID 179 ± 102 +?

Clindamycin 150 mg QID 361 ± 119

Co-trimoxazole 
(trimethoprim/
sulfamethoxazole)

160/800 mg BID 4 ± 5.6
-

Doxycycline 200 mg x1, then 
100 mg QD

11 ± 3.6
-

Erythromycin 250 mg QID 336 ± 149 +?

Metronidazole 400 mg QID ** -

Nalidixic Acid 500 mg QID 168 ± 82 +?

Ofloxacin 200 mg QID 44 ± 13 +?

Vancomycin 314 ± 133 +
Adapted from Steinbakk 1992



Drugs: Toxicities/Inhibition
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• Beta-lactams
• Quinolones
• Tetracyclines
• Macrolides
• Sulfonamides



• Antibiotic resistance 
genes

• Beta-blockers
• Anti-hypertensives (ACE-

inhibitors, Ca-channel 
blockers, diuretics)

• Statins

• Statins
• Metformin

• NSAID’s (ibuprofen, 
“xxxx-olac”, etc.)

• Acetaminophen



• Beta-lactams +
• Quinolones +
• Tetracyclines +
• Macrolides +
• Sulfonamides +
• Antivirals (acyclovir, 

lamivudine) +
• Antifungals +/-
• Antibiotic resistance 

genes  +

• Beta-blockers +
• Anti-hypertensives (ACE-

inhibitors, Ca-channel 
blockers, diuretics)

• Statins +

• Statins +
• Metformin +

• NSAID’s (ibuprofen, 
“xxxx-olac”, etc.) +

• Acetaminophen +
• Corticosteroids +



Drugs: Antimicrobials

• Beta-lactams/Cephalosporins
• Quinolones
• Macrolides
• Sulfonamides 
• Antifungals



Drugs: Analgesics

• Miscellaneous:

• NSAID’s (ibuprofen, “xxxx-olac”, etc.) +

• Acetaminophen +

• Corticosteroids +



Drugs: “Antihistamines”

• Relevant drugs:

– Loratadine (H1 blocker)

– Ranitidine, Famotidine (H2 blockers)

• Variable removal by method, ie. CAS 
vs HF/FS MBR

• High removal rates possible



Drugs: Cardiovascular

• Cardiovascular:

• Beta-blockers

• Cholesterol altering

• Anti-hypertensives (ACE-inhibitors, Ca-
channel blockers, diuretics)
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Drugs: Toxicities/Inhibition
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Drugs: ARG’s

• Location, location, location:
• Variable depending on “where” in 

reactor
• Variable by resistance gene

• Antibiotics specific effects

• Concentration specific effects


