Characterization of PPCP-degrading Microbes in River Sediments
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Introduction.
There has been an increase in xenobiotics,
particularly pharmaceuticals and personal
care products (PPCPs) measured in water
systems throughout the United States (1, 3
4, 5). The scope of this project is to evaluate
the environmental fate of PPCPs, the
effectiveness of waste water treatment
plants (WWTPs) in the removal of PPCPs
via influent/effluent analysis, and to
characterize the microbes interacting with
PPCPs from different sites, such as the
Arthur Kill, Hudson, Passaic and Raritan
Rivers. This understanding is essential to
developing novel biodegradation schemes
to remediate contaminated ecosystems.
Complete degradation of Aspirin and
Acetaminophen has been observed within
60 days
across the board of redox
conditions tested. After complete
degradation, enrichment cultures were set
up on aspirin and acetaminophen in order
to isolate in pure culture the microbes
responsible for degradation. Community
analysis of active select microcosms via
terminal restriction fragment length
polymorphism (tRFLP), denaturing
gradient gel electrophoresis (DGGE), and
clone library analysis (2,6) will be used to
monitor changes in the community during
enrichment on the PPCPs.
Samples were collected from various
locations along the Raritan River for PPCP
composition analysis, and microcosm
analysis, see section 4 and Where The Pipe
Ends: Fate of PPCP’s in the Raritan.
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Figure 1. Hudson River Sampling Location: Samples were obtained from
the 79th Street Boat Basin, New York on 7/09/2016 during low tide.
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Figure 8. Raritan River Sampling Locations: Water and Sediment samples
were obtained between April and June, 2017. Orange indicates locations
where both site water and sediment samples were obtained, blue indicates
locations for site water only. Several experiments were set up with the
collected samples. As shown below in figure 6, 1 L microcosms as a means of
mimicking storm flooding, monitor composition of with SPE, triplicate
cocktail microcosms with and without electron acceptor as a means of showing
any induction or inhibitory affects of electron acceptor on degradation activity.
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Figure 2. Solid Phase Extraction: 2a (Left) The image above is a visual depiction of why Solid
Phase Extraction is performed. 2b (Right) Depicts the experimental set up of solid phase extraction.
Table 1. LCMS Data: LC-MS data
listing the 10 compounds with the highest
concentration in the influent of the
Passaic Valley Sewage Commision
WWTP. Half of the compounds listed are
anti inflammatories, inlcuding Aspirin,
A c e t a m i n o p h e n , I b u p ro f e n a n d
Diclofenac, that are being studied. Three
of them show significant reduction in
concentration, >90% and the fourth,
Diclofenac, shows minimal reduction,
<10% during waste water treatment.

Enrichment Continued

A consistent presence for microbes with
an appetite for PPCP’s like Aspirin and
Acetaminophen has been established.
Degradation activity was displayed
across the board in all sediment samples
tested after 60 days for Aspirin.
E n r i c h m e n t c u l t u re s h a v e b e e n
established via serial dilution and
subculturing. Further transfer and
dilutions are ongoing, and molecular
community analysis will be done over the
coming months. Moreover, this unusual
appetite of xenobiotics validates the
plausibility of developing bioindicators
once the active microbes are
characterized.
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Figure 4. Enrichment Mechanism:Visual set up of two mechanisms to
obtain a pure culture, sub culturing on the left and serial dilution on
Figure 3. Microcosm Set Up: Fully set up Aspirin the right.
and Acetaminophen microcosms for Hudson River.

References.
1. Ellis, J. Pharmaceutical and personal care products (PPCPs)
in urban receiving waters Environ. Pollut., 144 (1) (2006), pp.
184–189.

Figure 6. Experimental Set Up for Raritan River Samples: The images above are visual representations of the
experimental set ups for Raritan River samples. 6a (Top) will mimic a storm overflow, where RTMUA influent was
combined with (alternate sites, bay 1, site 3 and 7) site water and 5% sediment into 1L microcosms. 6b (Right) Triplicate
cocktail microcosms with electron acceptor for the same alternate sites, where we set up a cocktail of three PPCPs, aspirin,
ibuprofen and acetaminophen with electron acceptor, site water, and 10% sediment in 20mL containers. (Right) Triplicate
microcosms for the remaining sites with cocktail, site water, 10% sediment in 20 mL containers,

2. Kerkhof LJ, Häggblom MM (2007) Detecting active bacteria
involved in biodegradation in theenvironment. In: Diaz E (ed)
Microbial Biodegradation: Genomics andMolecular Biology,
Caister
3. Kolpin DW, Furlong ET, Meyer MT, Thurman EM, Zaugg
SD, Barber LB, Buxton HT (2002) pharmaceuticals, hormones,
and other organic wastewater contaminants in U.S. streams,
1999−2000: A national reconnaissance. Environ. Sci. Technol.
36: 1202-1211. Academic Press, pp. 55-70.
4. Richardson BJ, Larn PKS, Martin M (2005) Emerging
chemicals of concern: Pharmaceuticals and personal care
products (PPCPs) with particular reference to Southern China.
Mar Pollut Bull 50:913–920.
5. Suárez,S. Carballa, M Omil, K Lema, J How are
pharmaceutical and personal care products (PPCPs) removed
from urban wastewaters? Rev. Environ. Sci. Biotechnol., 7
(2008), pp. 125–138

Figure 7. Molecular Tools for community analyses: t-RFLP on the left and DGGE on the right: Terminal restriction
fragment length polymorphism is a type of fingerprinting that is based on fragmentation of DNA via restriction enzymes,
whereas denatured gradient gel electrophoresis is based on how DNA is repelled by a negative current and the size of DNA
strand dictates how far the band is from the negative electrode.

Figure 5. Aspirin and Acetaminophen Enrichment Data: 5a (Top) Graphs depicting the degradation rate for Acetaminophen spiked
microcosms from Hudson River isolate. 5b (Bottom). Graphs depicting the degradation rate for Aspirin spiked microcosms from Hudson
River isolate.

6. Sun W, Krumins V, Fennell DE, Kerkhof LJ, Häggblom MM
(2015) Anaerobic degradation of aromatic compounds. In:
Manual of Environmental Microbiology, Fourth Edition, ASM
Press. In revision.

