Bugs on Drugs:
Anaerobic Biodegradability

of Pharmaceuticals and Personal Care Products
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Pharmaceuticals and Personal Care Products




Pharmaceuticals and Personal Care Products

PPCPs include a diverse array of thousands of chemical
substances, including prescription and over-the-counter
therapeutic drugs, veterinary drugs, fragrances, and cosmetics.

PPCPs are emerging environmental contaminants in watersheds
around the world.

PPCPs are released directly or indirectly into the environment, but
their long-term fate is poorly understood

Many PPCP compounds are biologically active and can thus pose
adverse effects to aquatic biota.

Thus, it is imperative to understand the ultimate fate of these
compounds in the environment.



PPCPs as Contaminants of Aquatic Environments

TABLE 1. Summary of Analytical Results of Streams Sampled for 95 Organic Wastewater Contaminants’ TABLE 1. (Continued)
lowest LCs for the lowest LCs; for the
most sensitive most sensitive
MCLor indicator ies MCLor  indicator ies
HAL(Z) (wglyno. of aquatic RL  freq max med HAL (23 (wgiL)ino. of aquatic
chemical (method) CASRN W mm m u.gm mm se (ugll)  studies identified (24) chemical (method) CASRN N (wg) G6 (wol) (wo/l) use (wgl)  studies identified (24)
,andl'lmm Oﬂlarw'aswwa‘ler Related Compounds
carbodox (1) 6804-07-5 104 010 O ND ND ibiotic - -n bisphenol A (4) B0-05-7 85 4.2 12 014  plasticizer - 3600°/26
chiortetracycline (1) 57-62-5 115 005 ©0 ND ND otic - 88000°/3 carbaryl (4) 63-25-2 85 006 165 0.1 0.049 insecticide 700 0.4211541
chlartetracycline (2) 57-62.5 84 010 2.4 069 042 otic - 8800023 cis-chlordane (4) 5103-71-8 85 0.04 47 01 0.02 insecticide 2 7.45728
ciprofloxacin (1) 85721-33-1 115 002 26 003 002 otic - —i0 chlorpyrifos (4) 2921.88-2 85 0.02 153 031 006 insecticide 20 0.12/1794
doxycycline (1) 564-25-0 115 01 0 ND ND otic - —in diazinon (4) 333-41-5 85 0.03 259 035 007 insecticide 0.6 0.562/1040
enrofloxacin (1) 93106606 115 002 0 ND ND  antibiotic - 40529 dieldrin (4) 60-57-1 85 0.08 47 021 018 insecticide 0.2 2.6511540
erythromycin-H;0 (1) 11407-8 104 005 215 1.7 01  erythromycin - 6650007/35 diethylphthalate (4) B4-66-2 54 025 11.1 042 02  plasticizer - 120009129
. . metabolite ethanol, 2-butoxy-phosphate (4) 78-51-3 85 02 459 67 051 plasticizer - 1040097
lincormycin (1) 154-21-2 104 005 19.2 073 006  antibiotic - —fa fluoranthene (4) 206-440 85 003 294 1.2 004 PAH - 7477216
2‘3:;:5;2&:1]9[1} ;9}455?;33-7 Hg g.gnz 3-9 [”lf)? %E}Z : - 1-[;3 5 lindane (4) 58-89.9 85 005 59 011 002 insecticide 02 30411979
. ) g - 2000 methyl parathion (4) 298-00-0 85 0.06 1.2 001 001 insecticide 2 12=/888
oxytetracycline (2) 79-57-2 B4 010 12 034 034 a - 102000°/46 4-methyl phenol (4) 106445 85 004 247 054 005 disinfectant - 1400274
m*"gl‘mml.’c"} m %agggj} ]ﬁ’; g-g; ;-3 'UQ-:JE a—‘[’f a - ‘g naphthalene (4) 91203 85 002 165 008 002 PAH 20 9101519
zﬂ:fac%’l‘gf"jurf dazine (2) 00300 g 005 0 ND  ND : - "o N.N-diethyltoluamide (4) 13462-3 54 004 741 11 006 insectrepellant - 7125099
sulfadimethoxine (1) 122112 104 005 © ND ND a _ 5 4-nonylphenol (4) 251-545-23 85 050 506 40F 089 nuﬂ_llggalggﬁtlgrgenl 130°1135
sulfadimethoxine (2) 122-11-2 84 005 1.2 006 006 a - —I5 4 @ - 85 1.0 458 20 19  nonionic detergent 1445094
sulfamerazine (1) 127-797 104 D05 O ND ND a - 10000017 o metabolite
sulfameratine (2) 127-79-7 B84 005 O ND ND & - 10000017 4-nonylphenol diethoxylata (4) - 85 11 365 % 19 nonionic detergent - 55000/6
sulfamethazine (1) 57-68-1 104 0.05 48 012 002 a - 100000 17 metabolite
sulfamethazine (2) 57-68-1 B4 005 12 022 022 a - 100000117 4 4 - a5 01 435 29 0.29 nonionic detergent - -0
sulfamethizole (1) 144-821 104 0.06 10 013 013 a - —i0 metabolite
sulfamethoxazole (1) 723-46-6 104 005 125 19 015  a - —i0 4-octylphenol diethoxylate (4) - 85 0.2 235 19 0.15  nonionic detergent - -0
sulfamethoxazole (3) 723-46-6 B4 0023 19.0 0.52 0066 al - -0 metabolite
sulfathiazole (1) 72-140 104 010 0 ND ND al — —i0 phenanthrene (4) B5-01-8 85 006 11.8 053 004 PAH — 5907192
sulfathiazole (2) 72-14-0 84 005 0 ND ND al — -0 phenol (4) 108-95-2 85 0.25 82 13" 07° disinfectant 400 4000°/2085
tetracycline (1) 60-54-8 115 005 0 ND ND al - 5500000/3 phthalic anhydride (4) B5-44.5 85 025 176 17 077 plastic manufacturing - 4040055
tetracycline (2) 60-54-8 84 010 12 011 011 a - 550000°/3 pyrene (4 129-00-0 85 0.03 282 084 005 PAH - 9092112
trimethoprim (1) 738-70-5 104 003 125 0M 015 al - 300044 tetrachloroethylene (4) 127-18-4 85 0.03 235 0.70¢ 0079 solvent, degreaser 5 46805147
trimethoprim (3) 738-70-5 84 0014 274 030 0013 a - 3000494 triclosan (4) 3380-34-5 85 005 576 23 0.14  antimicrobial - 18013
tylosin (1) 1401-69-0 104 005 135 028 004 a - —i0 _ disinfectant
virginiamycin (1) 21411-530 104 010 © ND ND antibiotic — —i0 Lr![chhIorpaLhyl} phosphate (4) 115-96-8 85 004 576 054 01 fire retardant - BEO00HE
iption tri{dichlorisopropyl) phosphate (4) 13674-87-8 85 0.1 129 016 01 fire retardant - 360089
albuterol (salbutamal) (3} 18550.94.9 B4 U_Dlzlgmﬂl NDD“'QS ND antiasthmatic _ _io triphenyl phosphate (4) 115-86-6 85 01 _‘I4.1 0.22 004 plasticizer 280F/65
cimetidine (3) 51481619 84 0007 9.5 0.58¢ 0.074¢ antacid - —i0 Steroids and Hormones
codeine (3) 76-57-3 46 0.24 6.5 0.019 0012 analgesic - -0 cis-androsterone (5) 53-418 70 0.005 143 0.214 0017 wrinary steroid - -0
codeine (4) 76-57-3 85 0.1 106 1.0° 0.2¢ analgesic - —in cholesterol (4) 57-88-5 85 1.5 55.3 1002 1¢ plantanimal stercid - -0
dehydronifedipine (3) 67035-22-7 B4 D01 143 003 0012 antianginal - -0 cholesterol (5) 57-88-5 70 0005 843 60" 083 plantanimal steroid - -0
digoxin (3) 20830-75-5 46 026 0 WND® NDY cardiac stimulant - 10000000024 coprostanol (4) 360-68-3 85 06 353 989 0707 fecal steroid - —10
digoxigenin (3) 1672-46-4 B4 0008 O ND ND digoxin metabolite — -0 coprostanul (5) 360-68-9 70 0.005 85.7 150" 0088 fecal steroid - -0
diltiazem (3) 42399-41-7 84 0012 13.1 0.049 0021 antihypertensive - —i0 in (5) 517-09-9 70 0005 28 0278 014 estrogen replacement - -0
enalaprilat (3} 76420-72-9 B4 015 1.2 0.046° 0.045° enalapril maleate - —i0 equilin (5 474-86-2 70 0005 1.4 0147 0147 estrogen replacement - -0
(antinypertensiva) 1Ta-athynyl estradiol (5) 57-63-6 70 0.005 157 0.831 0073 owvulation inhibitor - —i22
) metabolite 17a-estradiol (5) 57-91-0 70 0005 57 0.074 003 reproductive hormone - -0
fluoxetine (3) 54910-89-3 84 0018 1.2 00129 00129 antidepressant  — —ia 17f-estradiol (4) 50-28-2 85 05 106 0.2¢ 0169 reproductive hormone — — —i0
gemfibrozil (3) 25812-300 84 0015 3.6 0.79 0048 antihyperlipidemic  — -I0 17-estradiol (5) 50-28-2 70 0.005 100 0.093 0009 reproductive hormone — — -0
metformin (3) ) 657-24-9 84 0003 4.8 0157 0119 antdiabetic - ~f0 astriol (5) 50-27-1 70 0005 21.4 0.051 0019 reproductive hormone  — -0
paroxetine metabolite (3) - 84 026 0 MNDT NI paroxatine - —i0 estrone (5) 53167 70 0.005 7.1 0.112 0027 reproductive hormone  — -
Eﬁz&ﬁcﬂﬁ“m’ mestranol (5) 72-33-3 70 0.005 10.0 0.407 0.074 owvulation inhibitor - —i0
- N 19-norethisterone (5) 68-22-4 70 0.005 128 0.872 0.048 owvulation inhibitor - -0
ranitidine (3) 66357-35-5 B4 0.01 1.2 0.01° 001° amacid - —i0 .
- N _ progesterone (5) 57-83-0 70 0005 4.3 0192 011 reproductive hormone - -0
warfarin (3) B81-81-2 84 0.001 D_ !QD ND  anticoagulant 160007/ 33 stigmastanol () 19465478 54 2.0 56 4 24 plant steroid _ 0
Nonprescription Drugs testosterone (5) 58-22-0 70 0005 28 0214 0116 reproductive hormone - —i4
acetaminophen (3) 103-90-2 84 0009 238 10 o1 antipyratic - 60004 14
caffeine (3) 58-08-2 84 0014 619 60 0081 stimulant — 400002/ 77 ? Daphnia magna (water flea) — 48 h exposure LCy. ¥ Other species and varlable conditions. © Oncorhynchus mykiss (ralnbow trout) — 96 h
caffeine (4) 50-08-2 85 008 706 57 01 stimulant — ADDOO=/ 7T exposure LCx. @ Concentration estimated — average recovery <60%. © Pj omelas [fath innow) — 96 h exposure LCs.  Concentration
cotinine (3) 406-56-6 24 0023 381 090 0024 nicotine metsbolita — 10 estimated — compound routinely detected in laboratory blanks. 2 Concentration estimated — reference standard prepared from a techmical mixture.
. P - _ _ M Concentration estimated — value greater than highest point on calibration curve. | Compounds suspected of being hormonally active are in bold
cotinine (4) 486-56-6 54 004 315 0.57 008 nicotine metabolite 0 4, 22). CASRN, Chemical Abstracts Service Registry Number; N, number of samples; RL, reporting level; freq, frequency of detection; max
1,7-dimethylxanthine (3) 611-53-6 84 0018 286 319 0.11° caffeine metabolite — —i0 (4 22). . mea . ¥ | | samples; RL. reporting level; freq, frequency eetion; max.
. . ; med, median detectable concentration; MCL, maximum contaminant level; HAL, health advisory level; LCs, lethal
buprofen (3) 15687-27-1 84 0018 95 10 020 antinflammatory — — -0 maximum concentration; med. o o W : _
1bup concentration with 50% : ND, not . not ; PAH, polycyclic aromatic hydrocarbon.
Other Wastewater-Related Compounds
1.4-dichlorobenzene (4) 106-46-7 B85 003 259 43 0.09 deodorizer 75 11004150 -
2,6-di-tert-butylphenol (4) 128-39.2 85 008 35 0119 0.06° antioxidant - -2 L'; -
2,6-di-tert-butyl-1,4-benzoquinone (4) 719-22-2 B85 010 94 046 013 antioxidant - - i S
E-methyl-1H-benzotriazole (4) 136-85-6 54 010 N5 24 0.39 antiocorrosive - —i0 : .
acetophencne (4) 98-86-2 B85 015 94 041 015 fragrance - 155000°121 I T
anthracene (4) 120-12-7 85 0.05 47 011 007 PAH - 5.4°188 T r
benzo[a]pyrene (4) 50-32-8 B85 005 94 024 004 PAH 02 1.5%428 { L LE
3-tert-butyl-4-hydroxy anisole (4) 25013-16-5 B5 012 24 029 019 antioxidant - 87014 R . |
butylated hydroxy toluene (4) 128-37-0 B5 008 24 019 019 antioxidant - 1440415 ]
bis(2-ethylhexyl) adipate (4) 103-23-1 85 20 35 107 3 plasticizer 400 480919 - J
bis{2-ethylhexyl) phthalate (4) 117-81-7 85 25 106 20 7' plasticizer 6 7500309 Bl

Kolpin et al. (2002) Pharmaceuticals, hormones and other organic wastewater contaminants in the US
streams 1999-2000: a national reconnaissance. Environmental Science and Technology 36: 1202-1211.




Detection of Organic Wastewater Contaminants
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FIGURE 4. Frequency of detection of organic wastewater contaminants by general use category (4A), and percent of total measured

concentration of organic wastewater contaminants by general use category (4B). Number of compounds in each category shown above
bar.

Kolpin et al. (2002) Pharmaceuticals, hormones and other organic wastewater contaminants in the US
streams 1999-2000: a national reconnaissance. Environmental Science and Technology 36: 1202-1211.
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PPCPs and the Urban Water Cycle
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Xenobiotics in the Epoch of the Anthropocene

The continued introduction of new chemicals into the environment,
such as the discharge of a plethora of PPCPs, requires new
understanding of their behavior and environmental impact.

Microbial transformations of anthropogenic chemicals, such as
PPCPs, can alter exposure and ecotoxicity, and result in increased risk
to ecosystems.

Of potential concern are not only the original PPCP compounds
released into the environment, but also their various metabolites.

A strong scientific understanding of the factors affecting the fate and
biological effects of PPCPs is needed in order to inform policies
aimed at protecting aquatic ecosystems.



Sources and Sinks of PPCPs

Human medicine Veterinary medicine

A~

excretion disposal

sewage Domestic waste

excretion

Agricultural land

— &
-

Drinking water

A Groundwater

Ebele et al. (2017) Pharmaceuticals and personal care products (PPCPs) in the
freshwater aquatic environment. Emerging Contaminants 3: 1-16.



Sewage Treatment

FIGURE 26.20 anoverview of a sewage treatment plant, showing primary, secondary, and
tertiary treatment facilities,
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“Microbial infallibility”

No natural compound is totally resistant to biodegradation provided
that environmental conditions are favorable

* microbes have evolved that are capable of degrading most if not all
naturally produced chemicals

e utilization of compound for growth: energy, carbon, N, P, S..
e biogeochemical cycles (Carbon, Nitrogen, Sulfur,...)

What about xenobiotic compounds?
xenos = foreign, Greek for guest, bios = Greek for life

Anthropogenic (industrial) chemicals foreign to the biosphere
Foreign molecular structures or chemical bonds



Environmental Fate

Organic compounds often classified as:

1) Biodegradable, 2) Persistent, or 3) Recalcitrant

Persistence = Compound + Environment + Time

* recalcitrance is a relative rather than absolute term

e if compound is recalcitrant - accumulates in the environment

POPs = Persistent Organic Pollutants



Input and Fate of PCPPs in the Watershed

= N\
Volatilization Deposition : ////'

Dissolved Contaminants

SND\ N NN\ D‘ffus‘on/AdveCt‘on

Suspended

Biological Uptake

: : erobic
particles  Sorption<>Desorption N a formation
Deposition N fre® [
Groundwater- oy
Resuspension
surface water
interaction

7
</ @ mr
Recent Sediment

por::erﬂ-» gediment
E)

Groundwater

Im
Qry;
r?



Hypotheses

PPCPs exit WWTPs largely untreated, but little is known about their
fate in aquatic systemes, in particular under anoxic conditions of the
water column and sediment.

Our work addresses two main hypotheses:

1. Microbial biotransformation of PPCPs in natural aquatic
ecosystems produces downstream metabolites that undergo
further transformation by other community members.

2. Long-term PPCP contamination enriches for microbial
communities capable of utilizing PPCPs as carbon and energy
sources. The redox environment and the availability of alternate
electron acceptors, such as sulfate in estuarine sediments,
controls specific microbial activity mediating PPCP degradation.



Organic compound =) CO,

71 1\ N\ Carbon flow

Electron transport
ATP ®"\Proton motive force
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s NO;~ S0, Organice ? Aerobic
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Anaerobic respiration
Chemoorganotrophic metabholism

Figure 5-23a Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.




Respiration grouped by terminal electron acceptor

Oxidation:
CHO,+2H,0 - 2CO,+8H*"+8¢

Reduction:
O,+4H*+4e — 2H,0
2NO; +12H*+10e — N, +6 H,0
NO;, + 10 H* + 8 e — NH,+ + 3H,0
MnO, +4 H*+2e — Mn?*+ 2 H,0
Fest* + e- —» Fe?*
SO,>+10H*+8e — H,S+4H,0
HCO;, +9H*+8e — CH4+3H,0
2 HCO; + 10 H*+ 8 e — CH;COOH + 4 H,O

Oxidation-Reduction Potential E,

» measure of the tendency of a solution to donate or receive electrons

 useful scale for measuring anaerobiosis

* some stringent anaerobes will not initiate growth unless redox potential
IS sufficiently low (e.g. sulfidogens, acetogens, methanogens)



Stratification of Redox Processes

Redox potential Microbial process

(mV)

810 —f— Aerobic respiration
Sl Denitrification
530 —— Manganese reduction
360 —— U Ammonification

0 lron reduction
100 ——
220 . .
550 —I— l Sulfidogenesis
320 .
450 —1— l Methanogenesis




Objectives

e Determine how the redox environment impacts biodegradability
of PPCPs in aquatic sediments over a freshwater-estuarine
gradient with different historical exposures to PPCPs.

e |dentify novel anaerobic bacteria and their functional genes
encoding for the enzymes responsible for the
transformation/degradation of specific PPCPs.

Specific tasks:

1. Determine how the redox environment impacts biodegradation
of a suite of PPCP compounds in anoxic estuarine sediments.

2. Combine enrichment culture technique with molecular
community analysis to identify the bacterial community
members active in anaerobic degradation of PPCP compounds.

3. Apply compound specific isotope analysis to monitor
biodegradation of select PPCP compounds.



Microcosms / Enrichment Cultures

e enrichment culture concept developed by Sergei Winogradsky
and Martinus Beijerink

e the microorganism that will grow best under the established
conditions will grow faster and predominate

e every environmental niche is a selective enrichment for certain
organisms

Everything is everywhere, the environment selects
(Baas Becking / Beijerink)

e enrichment selects for the microorganisms that grow best under
the conditions applied
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Sampling at 79t Street Boat Basin, New York







& Sampling using strict anaerobic technique
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Degradation of PPCPs in Arthur Kill Sediment Microcosms
under Denitrifying, Methanogenic, and Sulfidogenic Conditions

Aspirin @fﬂ\m
OH

Acetaminophen

jgen

300 300
250 250
g 200 2 200
j =
150 & 150 i :
'% “#-Sulfidogenic -.% -Sulfidogenic ‘
E 100 -Methanogenic 2 100 *Met.ha.no.gemc
b -¢-Denitrifying o -#-Denitrifying
£ 50 e 50
S o
o )
0 _ ' 0
0 20 40 60 80 0 20 40 60 80
Time (Days) Time (Days)
o]
I Q
Diclofenac c' " ToH Ibuprofen
H
300 AN H
() s
_ >0 o g 300
S 500 Z 3 250
= - — = L !
S 150 S 200 °
= - Sulfidogenic © 150 8- Sulfidogenic
E 100 --Methanogenic ‘g -~Methanogenic
o -#-Denitrifying g 100 -+-Denitrifying
S 50 S 50
o
0 0
0 20 40 60 0 20 40 60
Time (Days) Time (Days)




Degradation of PPCPs in Hudson River Sediment Microcosms
under Denitrifying, Methanogenic, and Sulfidogenic Conditions
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Raritan River Watershed as a Model
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Map credits: Alex Mossawir
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Concentration (ng/L)

Degradation of PPCPs in Sediment Microcosms

Raritan River Sediment
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Sediment microcosm was composed of 10% Raritan River sediment from Johnson Park,
New Brunswick mixed with in RTMUA Influent to mimic raw sewage overflow



O-Methylation of Bisphenol A
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novel microbial metabolites of BPA are more toxic to the developing zebrafish

embryo than the parent compound
microbial transformations of BPA and other pharmaceutical and manufacturing

compounds can have far-reaching impact on aquatic and terrestrial systems.

Edema and
hemorrhage

\ Edema and hemorrhage



Microbial O-methylation of BPA
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McCormick et al. (2011) Microbially mediated O-methylation of bisphenol A and the toxicity of bisphenol A, and bisphenol A
monomethyl ether and dimethyl ethers in the developing zebrafish (Danio rerio) embryo. Environ. Sci. Technol. 45:6567-6574.



Use of the Zebrafish (Danio rerio) as a Model Organism

e Ex utero fertilization

e Transparent chorion - allows for visualization throughout
development

e Sensitive to many compounds - great for toxicological studies

e Results can be extrapolated to humans and environmental health

Collaborators: Keith R. Cooper & Lori A. White



O-methylation of BPA results in metabolites with
increased toxicity to the developing zebrafish embryo

Short term vs. long term LC50 values and Lowest Observed Adverse Effect Levels (LOAEL)

5 dpf 28 dpf
BPA MME DME BPA MME DME
LC50 175uM  27uM  47uM_ 79uM  16uM <2 uM
LOAEL 22uM  21uM 2.0 uM

e BPA MME and BPA DME have at least a 3 fold lower LC50 values
than BPA at 5 and 28 dpf

e BPA MME and BPA DME have LOAEL values approximately 10
fold lower than BPA at 5 and 28 dpf

e The O-methylated metabolites are more toxic that the parent
compound, BPA



Representative Lesions in the Developing Zebrafish

BPAMME

Edema and hemorrhage Edema and hemorrhage



Biotransformation of Bisphenol A

BPA can be O-methylated by Mycobacterium spp. to the
corresponding BPA mono- and dimethyl ethers.

O-methylation of BPA results in metabolites that are more
toxic than BPA.

Microbial transformations of BPA and other pharmaceutical
and manufacturing compounds can have far-reaching impact
on aquatic and terrestrial systems.

Future work needs to examine the molecular mechanism of
toxicity of these O-methylated metabolites, as well as their
distribution and fate in the environment.
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O-Methylation of Tetrabromobisphenol A

TBBPA and metabolites
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 TBBPA s not always degraded aerobically but can be biotransformed to its
corresponding mono- and dimethyl derivatives
» microbial transformation of TBBPA results in metabolites with different chemical

and toxicological properties than the parent compound
George & Haggblom (2008) Environ. Sci. Technol.
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Fate of Tetrabromobisphenol A

_ Anaerobic CHs
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e TBBP is readily dehalogenated to
bisphenol A in anaerobic sediments
which persists

e TBBPA is not degraded aerobically,

but is biotransformed to its
corresponding mono- and dimethyl
derivatives

¢ microbial transformation of TBBPA

results in metabolites with different
chemical and toxicological
properties than the parent
compound



Conclusions

Some PPCPs are biodegraded to various degrees in river and
estuarine sediment by native microorganisms, others are not.

Depending on the dominant redox condition of the sediments, PPCP
compounds may be recalcitrant in the natural environment.

Similar PPCP degradation profiles have been observed at differnet
sites and PPCP-degrading bacteria appear to be globally distributed.

Some PPCPs are transformed to new metabolites with potential
adverse biotic effects.

There is much that we still do not know and understand.



Biodegradation vs. Biotransformation

microbial degradation of toxic chemicals can ultimately lead to
their complete degradation (mineralization) and detoxification

microbial transformations of chemicals (such as pharmaceuticals
and personal care products pharmaceutical and personal health
care products) can lead to formation of compounds that are
more problematic than the starting compounds



RUTGERS The “Consortium”

Aamani Rupakula
Michelle Zeliph
Jessica McCormick

ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ

Alex Mossawir, Albert Enriquez, Sam Wieczerzak, Shivani Patel

Lee Kerkhof
Donna Fennell
Lori White
Keith Cooper

Shen Yu & Bing Hong (Chinese Academy of Sciences)
lvonne Nijenhuis & Hans Richnow (UFZ Leipzig)

Hudson River Foundation
Raritan River Consortium
Rutgers Centers for Global Advancement and International Affairs

HUDSON RIVER FOUNDATION UTGERS
]{[JRIS}REEEHW for Science & Environmental Research K R —

and International Affairs



PPCPs in the Lower Raritan River

. Paracetamol crs (Acetaminophen) PCM 22320.00 53.60 10.67 | 12.27 | 41.07 16.53 38.07 | 88.67
Anti-inflammatory drug——— —
Salicylic acid (Aspirin) SCA 705.60 96.40 130.00 | 83.33 80.00 | 238.00 | 226.67 |224.00
Lincomycin hydrochloride-see-leaflet- LIM 6.62 BDL BDL BDL BDL BDL BDL BDL
Sulfamethoxazole SMX 1064.00 532 1.50 4.50 3.40 3.40 5.50 2.60
Ofloxacin OFC 292.00 9.64 0.00 1.60 BDL 0.80 1.20 1.30
Antiblotle Ciprofloxacin crs CFC 233.60 222 BDL BDL BDL BDL BDL BDL
Azithromycin crs-see-leaflet- ATM 169.60 9.84 6.40 0.00 BDL 2.10 3.90 15.70
Clarithromycin CTM 101.60 488 BDL BDL BDL BDL BDL BDL
Trimethoprim TMP 435.20 1.61 7.90 5.70 6.10 2.60 4.70 3.00
Sulfadiazine sDZ 42.72 BDL BDL 1.40 0.80 1.40 1.50 BDL
Albendazole ABZ 3.38 BDL BDL BDL BDL BDL BDL BDL
Oxfendazole OFZ BDL BDL 0.29 0.34 0.37 0.17 0.30 BDL
Antiparasitic drug  |Levamisole hydrochloride LMS 3.90 BDL 0.40 0.24 0.38 0.40 0.49 BDL
Metronidazole MNZ 33.28 5.84 BDL BDL BDL BDL BDL BDL
Praziquantel PQT BDL BDL 0.84 0.86 1.15 0.95 1.57 0.95
Gemfibrozil GFZ BDL BDL BDL BDL BDL BDL BDL 13.20
Valsartan crs VST 3656.00 112.40 0.00 34.60 26.33 38.73 4467 |136.00
Atorvastatin calcium AVT 279.20 484 0.30 0.30 0.30 0.00 0.18 0.32
Cardiovascular drug |Atenolol ATL 402.40 67.60 4.20 5.04 3.69 431 499 | 13.73
(+)-Metoprolol (L )-tartrate salt MPL 783.20 333.20 7.20 6.47 4.94 6.09 11.80 | 14.07
Diltiazem hydrochloride DTZ 236.80 2.41 0.52 0.48 0.67 0.23 0.25 0.47
(%)-Propranolol hydrochloride PPL 62.08 244 0.00 0.50 0.54 0.57 0.58 1.17
Caffeine CAF 43360.00 163.20 61.07 | 90.00 | 100.00 | 84.00 96.00 |146.67
Gabapentin GPT BDL BDL BDL 2.74 BDL BDL 4,93 .13
Carbamazepine CBZ 310.40 304.40 5.57 18.00 6.87 5.37 10.20 8.33
Venlafaxine hydrochloride VFX 158.40 3.68 5.21 8.67 4.15 5.35 6.80 11.87
Temazepam TZP 66.64 70.00 234 4.06 2.87 4.66 4.36 4.51
Central nervous system
e Clozapine crs CZP BDL BDL 1.15 1.21 0.71 0.58 0.67 0.53
Citalopram hydrobromide CLP 97.60 3.60 1.56 2.10 2.01 1.97 2.10 1.92
Risperidone RPD 0.00 0.00 1.59 0.95 0.50 0.39 0.36 0.39
Chlorpromazine hydrochloride CPM BDL BDL 0.70 0.60 0.10 0.30 0.20 0.30
Alprazolam AZL 4.30 6.04 0.00 0.46 0.29 0.00 0.31 0.59
Flunitrazepam FZP 5.18 BDL BDL BDL BDL BDL BDL BDL

PPCP Concentrations in Raritan River Samples and Influent and Effluent of a Sewage Treatment Plant



Compound Specific Isotope Analysis (CSIA)

13C substrate Q 12C substrate @
 Bonds with heavy isotopes have * Bonds with light isotopes broken
higher activation energies and are more easily
more stable.

Residual Substrate
(i.e. leftover Aspirin)

Substrate (i.e., Aspirin) h|gher ratio of 13C
k to 12C than in initial
.. O — O substrate

—~—
)

OO
< .
Transformation Product

Biodegradation (i.e. Salicylate)



Stable Isotope Ratio Analysis

Precise analysis of concentration ratio of two stable isotopes of an element

GC-IRMS
E (=]
e g
g, E i 3
] £ E
fp H| E 3 o
He 8 3 E E On »ource
= I . __EE Eﬂ _ Faraday
Cul @ 9407C Cups
Gas Combustion Isotope Ratio
Chromatograph Oven MassSpectrometer
separates combusts compounds ~ separates 1312-CO, by
compounds oxidizes hydrocarbons mass in a magnetic field,

collects & measures
specific masses

Can determine stable isotope ratio of a specific compound
In a complex mixture

image from microseeps.com



In (R/R,)

Isotopic Composition vs. Residual Substrate Concentration

Double Logarithmic Plot of Rayleigh Equation
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Rayleigh equation for closed system:

R,/ R, =(c,/c,) WD

R = isotope ratio
C = concentration
a = kinetic isotope fractionation factor

o = Kinetic isotope
fractionation factor
determined from slope of
curve;, b=1/a -1

& = isotopic enrichment factor
e =1000 x (/oo — 1)

* Anaerobic of MTBE and
TAME results in significant
C isotope fractionation

» Useful tool for monitoring
anaerobic biodegradation
In situ



R,/ R, =(c,/c,) Xe-b

R = isotope ratio
C = concentration
o = kinetic isotope fractionation factor
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Bugs on Drugs:

Anaerobic Biodegradability
of Pharmaceuticals and Personal Care Products

Max M. Haggblom
Rutgers University
Department of Biochemistry and Microbiology
School of Environmental and Biological Sciences
New Brunswick, New Jersey
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