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

Daily Living Metformin, SGLT-2 Regular Intervals
Inhibitors
EVA and/or Manual Labor Acetaminophen, NSAID’s Semi-Regular

ntermittent

Intermittent

Antibiotics (distinct
rounds)

Sleep Alteration Zolpidem, Zaleplon Semi-Regular '
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Drug Wastewater

* Biological systems can be cost-effective for

treating pharmaceutical wastewater compared to
physio-chemical processes.

High COD and total suspended solids with wide pH
range.

* Can be highly bioactive and persistent.




Example: Wasting Antibiotics

* 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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« Removal mechanisms
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* Drugs studied
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 Removal efficiencies
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Anaerobic Bioreactor Chemistry/Mechanisms:

Excretion in Excrement
« Substantial concentration of parent drug

« 30-90% Abx excreted as parent drugs

““
(mg/kg)

o . Ampicillin
* Anaerobic bioreactors capable of treating Gas Recovery
many pharmaceuticals in wastewater. = I '
o Gas Recovery l
Chemical structures Collected
+  Electron donating functional groups (EDG) A FHluent
. . . eedstock ] * . .
« Electron withdrawing functional groups (EWG) o Gas Outflow o roxen | s's she =0\ e By
. . e el o as Bubbles
« Hydrophobicity versus hydrophilicity e 9t
| ‘e $*  Submerged
 Sulfur or nitrogenous structural elements : Membrane
o8o o* % . — Fluidized Growth
Biodegradation Erythromycin 2 0 I Media
* Primary removal mechanism Metronidazole 4
* Slower growing microbes Nalidixic Acid 5 HO
Ofloxacin 2 _ +?
Sorption Vancomycin Ibuproféa4 EVAAS v

* Biologically based sorptive capacity
* Supplemental capacity, e.g. GAC, PAC

Adapted from Steinbakk 1992



Drugs: Toxicities/Inhibition
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Drugs and Anaerobic Bioreactors
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Altered biomes
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ARG’s
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« Removal mechanisms
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« Aerobic system
comparison

Questions

 Which drugs/classes
 Removal efficiencies

« ARG degradation

* Pre-treatment

« Configuration methods




Drugs: Relevant Entities




Drugs: Studied




Removal efficiency (%)

Antibiotic types Treatment Antibiotic/ARGs removal (%) References
AFBR AFMBR Overall strategies
Sulfonamide antibiotics Sulfamethoxazole AnMBR 67.8 + 13.9 Xiao et al.
Sulfadiazine 39.7 89.5 93.7 Tl FLOMBR-MD.
Sulfamethoxazole 35.5 83.0 891 Sul 1

‘ Iri  PhAGs Cps (ng L™7) Caist (ng Ranomer RanoMer-MD
Sulfathiazole - - - . L_,; o o .
Sulf thazi - - - '

ulfamethazine -

_ __ i 170 9008.55 + 2922  <83.6] 90.54 + >97.88 al
Macrolides antibiotics L,  Ethynilestradiol 7.4 b
Erythromycin-H->0 58.7 66.7 86.3 ., Betamethasone 124.39 + 136 96.28 + 94.41 + 98.22 +
Clarithromycin 56.9 74.6 89.0 86 0.47 3.20
Josamycin _ _ _ gy Fenofibrate < 02.83 <1.09 >99.79 >99.94 1
Roxithromvein Fluconazole 3561.84 + 909 90.13 + 92.67 + 98.29 + |

y B - B 10 4.55 0.20
Tylosin A
y — — — Cel Ketoprofen 3070.40 + 639 <0.861 97.57 + >99.97
Quinolone antibiotics Cet 2008 o 2';3 1t 06,08
. g . A ratacdine < 20, <. = . = .
Na11d1x1c‘ac1d 80.7 100 100 Sq]  Prednisone <59.55 74.33 + >97.02 97.41 +
Flumequine 0 100 100 41 1.40
Plpemldl(." acid 94.5 100 100 Sultamethoxazole AnMBR Nearly complete removal HraomsramD,
Norfloxacin - - - Trimethoprim ArGaRjp 2021
Ciprofloxacin 894 100 100 Sulfadiazine Two-stage AFMBR 93.7 Dutta et al.
Ofloxacin 94.4 95 3 100 Sulfamethoxazole 89.1 (2014))
Erythromycin-H20 86.3
Cephalosporins antibiotics Clarithromycin 89
Cephalexin 696 36.3 95 8 |Qui1101011e antibiotics 100
Cephradine 52.7 86.4 93.6 (ephalexin 05.8
Cephradine 93.6
Other antibiotics Trimethoprim 100
- . enzothiazole 82.3 3.7% (HRT = 12 h); Li et al. (2018
Trimethoprim 87.42 100 100 Benzothiazol AFMBR ( h) i et al. (2018)

4
85.7 = 2.6% (HRT = 18 h);
2-Stage AFBR, AFMBR, Dutta 2014 "

97.6 + 0.5% (HRT = 24 h)




100

Compound Elimination from the aqueous phase (%) A
(A) [ AFBR
AFNER
AnOMBR-MD. ] 1 Total
PhACs Cps (ng L™ Caist (ng Ranomer RAnoMEBR-MD Removal efficiency (%)
L™ (%) (%) -
= NSAIDs AFBR AFMBR Overall
17a- . . 9008.55 + 2922 < 83.601 90.54 £+ =97.88 — Acetaminophen 878 97 9 100
Ethynilestradiol 7.4 £ [buprofen 538 20.3 909
Betamethasone 124.39 + 136 96.28 £+ 94.41 = 98.22 + % Napr ) ' '
Fenofibrate < 02.83 <1.09 ~99.79 ~99.94 etoproten 73.7 100 100
Fluconazole 3561.84 £ 909  90.13 + 92.67 + 98.29 + Diclofenac 31.3 68.3 /8.2
10 4.55 0.20 AFBR, AFMBR, Dutta 2014
Ketoprofen 3070.40 £+ 639 <0.51 97.57 = >99.97 -100 A
2.10
Loratz&dme <20.08 <0.71 =>99,.44 >99.98 =P P B DCE
Prednisone <59.55 74.33 £ =97.02 97.41 £+ 100
41 1.40 (B} .
, [ 1 AFEBR
BR- l % AFMBR
Indomethacin n.e. 41.4 +20.6 539807 | T % Total
50 T §
Anti-histamines - 7 % k
: n
Ranitidine 24.7 £ 44.9 442 +29.6 29.5+47.9 5 o Z 2N - <
i3 é%
Loratidine 15.0+439 n.e. 335+52.2 §
\
Famotidine 60.1+22.3 64.6 +24.5 47.4 + 63.0 -
-20 %
-25(]@/ I e
500 T T T T
Radjenovi¢, 2008 IBP NPX CBZ DCF

AFBR, AFMBR, Chen, 2019




Compound

Elimination from the aqueous phase (%)

AnOMBR-MD. o o R
7 I . 7,
r u g S . n t I I St a I I I I n e S PhACs Cps (ng L™1) Caist (Ng Ranomer Ranomer-MD
L™ (%) (%)
17a- 9008.55 + 2922  <83.61 90.54 + ~97.88 ’
Ethynilestradiol 7.4 1
Betamethasone 124.39 £ 136 96.28 + 94.41 + 98.22 +
86 0.47 3.20 6
e Relevant dru gs: Fenofibrate < 02.83 <1.09 ~99.79 ~99.94
Fluconazole 3561.84 £ 909  90.13 + 92.67 + 98.29 + .3
— Loratadine (H1 blocker) 10 4.55 0.20
Ketoprofen 3070.40 = 639 <0.81 97.57 + >99.97 '3
— Ranitidine, Famotidine (H2 blockers) 2.10
Loratadine <20.08 <0.71 >99.44 >99,98 .7
Prednisone <59.55 74.33 + ~97.02 97.41 +
41 1.40 1
* Variable removal by method, ie. CAS Indomethacin 142206 AOBRSMS,
vs HF/FS MBR
* High removal rates possible Anti-histamines
Ranitidine 24.7 +44.9 442 £29.6 29.5+47.9
Loratidine 15.0 +43.9 n.e. 33.5+52.2
Famotidine 60.1+22.3 64.6 + 24.5 47.4 £ 63.0

Radjenovi¢, 2008




Drugs: Cardiovascular

e Cardiovascular:
e Beta-blockers
* Cholesterol altering

* Anti-hypertensives (ACE-inhibitors, Ca-
channel blockers, diuretics)

Elimination from the aqueous phase (%)

R-blockers CAS FS MBR HF MBR
Atenolol 61.2 +18.6 76.7 £12.6 69.5+12.5
Sotalol 214 +315 531+£241 304 +253
Metoprolol 24.7 +44.9 442 +29.6 29.5+479
Propranolol 58.8+245 77.6 £12.2 65.5+22.4
Hypoglycaemic agents

Glibenclamide 46.1 +40.8 95.6+44 82.2 +28.6
Lipid requlator and cholesterol lowering statin drugs

Gemfibrozil n.e. 42.2 +36.7 32.5+49.3
Bezafibrate 80.8 +20.9 90.3 +10.1 88.2+15.3
Pravastatin 594 +£16.2 86.1+9.1 831 +125
Diuretics

Hydrochlorothiazide n.e n.e n.e.

Radjenovi¢, 2008
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Drugs: Toxicities/Inhibition
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Drugs: ARG’s

Location, location, location:

* Variable depending on “where” in
reactor

e \Variable by resistance gene

Antibiotics specific effects

Concentration specific effects

Effluent ARGs (copies/mL)

500

400

300

200

100

Biomass ARGs (copies/rpoB)

5.0E+05

4.0E+05

3.0E+05

2.0E+05

1.0E+05

0.0E+00

Sulfamethoxazole

Erythromycin

Amplclllln

mermF mermB msull sul2 W intl1 ® oxa-1 ampC tetO wtetW
10
‘r; Bl T H
y iz I =
P T -
. 30 1 n - B = = B
— f'l*lr 0 = — - : - B |
] 10 4 - -
} TTTe=- o _I_IJ__._._J—I_I I—J_u
— 10 50 250 o 10 50 250 ] 10 50 250
0 10 50 250 0 10 50 250 0

m

- Nl

10

50 250

0

10

50

250

Antibiotic Concentration (pg/L)




