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Emerging Contaminants

* “Emerging contaminants" can be broadly
defined as any synthetic or naturally occurring
chemical or any microorganism that is not
commonly monitored in the environment but
has the potential to enter the environment
and cause known or suspected adverse
ecological and (or) human health effects.
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History of Emerging Contaminants
Research

Pharmaceuticals were first reported in U.S. surface
waters during investigations in the 1970s, although
they were not regulated as legacy pollutants such as
PCBs and DDTs (Snyder 2006).

* There have been many publications documenting the

presence of antibiotics in groundwaters, surface
waters, wastewaters and landfill leachates, including
the National Reconnaissance study sponsored by the
U.S. EPA and the U.S Geological Survey (Xu 2007;
Kolpin 2003).




The Purpose of This Research

* To evaluate the effects of stormwater on wastewater
treatability for each unit process.

* To understand other factors that affect the treatability
of emerging contaminants and compare them to the
effects of wet weather flows.

* To determine the concentrations of emerging
contaminants that enter and leave the treatment plant.

* To compare wet weather emerging contaminant
loadings at the treatment plant with stormwater
sheetflow emerging contaminant characteristics.

Reported Characteristics of Pharmaceuticals that Affect their
Treatability and Fate

Chemical Name MwW Log kow Solubility Half-life
(Pharmaceutical) |(g/mol) (mg/L) (hours)
236.1 2.45 17.7 10-20
“ 309.3 4.05 38.4 24-72

Gemfibrozil 250.12 4.78 5.0 1.5

Ibuprofen 206 3.5-4.0 41.5 2
Sulfamethoxazole PA¥] 0.9 600 10
289.5 4854 2-4.6 125

Trimethoprim 290.32 0.79 400 8-10
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Types of Emerging Contaminants

* Pharmaceuticals and Personal Care Products
(PPCPs)

* Estrogens

* Pesticides

* Microorganisms

* Heavy metals

* Polycyclic aromatic hydrocarbons (PAHs)

Widely varying chemical characteristics of these
compounds results in their varying fates and
treatabilities (mostly relating to their associations
with organic solids and their water solubilities).

[e)]

Reported Characteristics of PAHs that Affect their Treatability and Fate

Chemical Name Solubility (mg/L) |Half Life
g/mol days
3.37 315 3

naphthalene 128.2

e
152.2 3.89 3.80 21-121
154.2 4.02 16.1 10-60 (soils)
1-25 (surface waters)
m 166.2 4.12 1.90 2-64
178.2 4.53 0.045 108-139
178.2 4.48 1.12 5.1
202.2 5.12 0.132 16-200
202.2 5.14 0.260 880
8
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Reported Characteristics of Pesticides that Affect their
Treatability and Fate

Chemical Name |MW (g/mol) Solubility in log kow Half-life
(Pesticides) water (mg/L)
0.1

Methoxychlor 345.65 4.68-5.08 >100 days

364.91 0.027 6.5 20-100 days
380.91 0.1 6.2 5 years

Chlordane 409.76 insoluble ~5.54 4 years

m 257.9-453 insoluble 5.6-6.8 various

290.83 17 3.8 15 months

Heptachlor 373.32 0.056 6.10 6 months-3.5
years

Heptachlor- 389.40 0.35 5.40 na
epoxide

* Hilliard Fletcher Wastewater Treatment Plant
— A secondary treatment system with a pretreatment phase, a primary
clarifier, an aeration tank, a secondary clarifier and UV disinfection
system.
— Current capacity is 30 MGD; being upgraded to 45 MGD by 2013.

Treatability of Tuscaloosa WWTP

— Separate sanitary sewer system

City of Tuscaloosa photo
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Wastewater Treatment Flows and
Rains during Wet Weather Sampling

Comparison of pH and pka

Rainfall | Flow rate Treatment Plant Flow and Observed
(in) (MGD) Rainfall
01/16/10 | 0.55 18.2 w :
03/02/10 0.68 23.3 g® .
04/24/10 | 1.01 165 |ix -
15 *

06/25/10 | trace 20.7 S
10/24/10 | trace 15.7 ;

0 0.5 1 15 2 25
11/02/10 trace 20.5 Rainfall (inches)
03/09/11 2.7 42.2 Increased daily flows at wastewater

treatment plant associated with rains
09/20/11 2.2 26.5 greater than about 1.5 or 2 inches

13
13

Sample Collection

* Four composite one liter samples collected during each event:
— At the inlet right before the screen and grit chamber
— After wastewater leaves the primary clarifier
— After biological treatment and wastewater leaves the secondary clarifier
— After final effluent is treated by UV

* Seven wet weather samples and seven dry weather samples collected
during a range of treatment flow conditions and analyzed for:

— pharmaceuticals
— PAHs
— Pesticides
* Wet weather sheetflow samples also being collected in area

* This presentation presents a preliminary evaluation of the available
data

Wet weather |Influent |Effluent || Pharmaceutical pka
date pH pH

Carbamazepine 13.9
01/16/10 7.23 6.80
03/02/10 [7.42  6.79 Fluoxetine 93
04/24/10 6.94 6.61 Gemfibrozil 4.5
062510 693  |6.62 buprofen o
10/24/10 7.02 6.72

Sulfamethoxazole pkal=1.7,
11/02/10 6.92 6.48 pka2=5.6

Triclosan 8.0
03/09/11 7.24 6.64

i i 6.6
09/20/11  [7.09 7.04 Trimethoprim
14
Analyses

* Acidic and basic pharmaceuticals
— EPA standard method 1268 (modified)
— Solid phase extraction

— High performance liquid chromatography (HPLC) analysis with UV
detector

* PAHs
— EPA standard method 8270 SIM targeted ions
— Separation flask with Kuderna-Danish (KD) concentration
— Gas chromatography with mass spectrophotometer detector (GC-
MSD) analysis
* Pesticides
— EPA standard method 508
— Separation flask with Kuderna-Danish (KD) concentration
— Gas chromatography with electron capture detector (GC-ECD) analysis

15
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Preliminary PAH results
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Preliminary Pharmaceutical Data

Preliminary Conclusions

Stormwater only affects the flow rate at the treatment
facility during large rainfall events (>1.5 inches). However,
the preliminary data shows stormwater infiltration into the
separate sanitary system does contribute to the mass load
of ECs to the wastewater treatment plant: there were
increases in masses for both PAHs and pharmaceuticals
during some of the rain events.

Some inconsistencies in rain and flow. For example, the
flow rate was low for April 2010, the rainfall was over one
inch and most of the PAHs during this weather event had
the highest concentrations and lowest treatability.

Final conclusions will be based on the complete data set,
but these preliminary data indicate performance as
expected, with minimal wet weather effects, although wet
weather is shown to be a significant source of some of the
ECs.

20



11/21/2023

Acknowledgements

U.S. Environmental Protection Agency
NSF EPSCOR
The University of Alabama

Penn State-Harrisburg

Miles College

References

(1) Kolpin, D. W.; Furlong, E. T.; Meyer, M. T.; Thurman, M. E.; Zaugg, S. D.; Barber, L.
B.; Buxton, H. T. Pharmaceuticals, Hormones, and other Organic Wastewater
Contaminants in U.S. streams, 1999-2000: A National Reconnaissance. Environ Sci
Technol 2002, 36, 1202-1211.

(2) Miao, X. S.; Yang, J. J.; Metcalfe, C. D. Carbamazepine and its metabolites in
wastewater and in biosolids in a municipal wastewater treatment plant. Environ. Sci.
Technol. 2005, 39, 7469-7475.

(3) Nentwig, G. Effects of pharmaceuticals on aquatic invertebrates. Part Il: The
antidepressant drug fluoxetine. Arch. Environ. Contam. Toxicol. 2007, 52, 163-170.
(4) PubMed Molecular Biology Database http://toxnet.nlm.nih.gov/cgi-
bin/sis/search/f?./temp/~23N7w0:1:fate.

(5) Chem Spider-lbuprofen http.//www.chemspider.com/Chemical-
Structure.36498.html.

(6) Nghiem, L. D.; Schafer, A. I.; Elimelech, M. Pharmaceutical retention mechanisms
by nanofiltration membranes. Environ. Sci. Technol. 2005, 39, 7698-7705.

(7) Singer, H.; Muller, S.; Tixier, C.; Pillonel, L. Triclosan: occurrence and fate of a
widely used biocide in the aquatic environment: field measurements in wastewater
treatment plants, surface waters, and lake sediments. Environ. Sci. Technol. 2002,
36, 4998-5004.

(8) Mikes, O.; Trapp, S. Acute toxicity of the dissociating veterinary antibiotics

trimethoprim to willow trees at varying pH. Bull. Environ. Contam. Toxicol. 2010, 1-6.

21

22

References

(9) de Maagd, P. G.; ten Hulscher, D. T. E. M.; van den Heuvel, H.; Opperhuizen, A.; Sijm, D. T. H. M.
Physicochemical properties of polycyclic aromatic hydrocarbons: Aqueous solubilities, n-octanol/water

partition coefficients, and Henry's law constants. Environmental Toxicology and Chemistry 1998, 17, 251-257.

(10) Dabestani, R.; Ivanov, I. N. A Compilation of Physical, Spectroscopic and Photophysical Properties of
Polycyclic Aromatic Hydrocarbons. Photochem. Photobiol. 1999, 70, 10-34.

(11) Crunkilton, R. L.; DeVita, W. M. Determination of aqueous concentrations of polycyclic aromatic
hydrocarbons (PAHs) in an urban stream. Chemosphere 1997, 35, 1447-1463.

(12) de Maagd, P. G.; ten Hulscher, D. T. E. M.; van den Heuvel, H.; Opperhuizen, A.; Sijm, D. T. H. M.
Physicochemical properties of polycyclic aromatic hydrocarbons: Aqueous solubilities, n-octanol/water

partition coefficients, and Henry's law constants. Environmental Toxicology and Chemistry 1998, 17, 251-257.

(13) Monteith, H. D.; Parker, W. J.; Bell, J. P.; Melcer, H. Modeling the Fate of Pesticides in Municipal
Wastewater Treatment. Water Environ. Res. 1995, 67, pp. 964-970.

(14) Katsoyiannis, A.; Samara, C. Persistent organic pollutants (POPs) in the sewage treatment plant of
Thessaloniki, northern Greece: occurrence and removal. Water Res. 2004, 38, 2685-2698.

(15) ATSDR 2011 Profile for Methoxychlor. http://www.atsdr.cdc.gov/.

(16) IPCS INTERNATIONAL PROGRAMME ON CHEMICAL SAFETY ALDRIN AND DIELDRIN; Health and Safety
Guide No. 21; UNITED NATIONS ENVIRONMENT PROGRAMME; INTERNATIONAL LABOUR ORGANISATION;
WORLD HEALTH ORGANIZATION

(17) Williams, J. Endocrine Disruptors in Wastewater.

(18) ATSDR 2011 Profile for Arochlor.

(19) ATSDR 2011 Profile for Lindane. http://www.atsdr.cdc.gov.

(20) ATSDR 2011 Profile for Heptachlor. http://www.atsdr.cdc.gov/.

(21) Wikipedia-Tuscaloosa, A. http://en.wikipedia.org/wiki/Tuscaloosa, Alabama.

(22) Information for Tuscaloosa, A. http://www.tuscaloosacountyalabama.com/local/cityinfo.htmi.
(23) City of Tuscaloosa; Wastewater Management http://www.ci.tuscaloosa.al.us/index.asp?NID=229

23

24



