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the groundwater of Beaumont
California using chemical and
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Why is excess nitrate in groundwaters a
problem?

I. Ingestion of nitrate in drinking water by infants can cause
low oxygen levels in the blood (blue baby syndrome, a potentially fatal
condition)

a. US EPA maximum contaminant level = 10 mg N-NO3 /L

2. Nitrate concentrations > 4 mg/L in rural drinking-water
supplies have been associated with increased risk of non-Hodgkin’s
lymphoma*

3. Elevated nitrate in groundwater could indicate potential for
pathogen contamination

*Ward, M. H.; Mark, S. D,; Cantor, K. P; Weisenburger, D. D.;
Correa-Villasen™ or,A.; Zahm, S. H. Epidemiology 1996, 7, 465-
471
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What is the extent of the problem in the
United States?
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Increasing risk of ground-water contamination
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Nitrate levels in local groundwater?
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Sources of contaminants to aquifers

gins and Fate of PPCPs' in the Environment

Fomy, | US- Environmental Protection Agency
3 i Office of Research and Development
H National Exposure Research Laboratory
-m‘,f Environmental Sciences Division
Envirenmental Chemistry Branch

medications
= Disposal of unusedioutdated medication to sewage systems
« Und d leaka i

[T « Disposal 1o landfills via domestic refuse,
medical wastes, and other hazardous wastes
* Leaching from defective (poorly engineered) landfills and cemeteries

e 5y
= Disposal of euthanized/medicated animal carcasses serving as food for scavengers (1¢)

[« Retease of treated/mtreated hospital wastes to domestic sewage systems

(weighted toward y toxic drugs and o as opposed to long-term (8 » Release ta open waters from aquaculture (medicated feed and resulting exereta)
also disposal by physicians, drug surplus « Future potential for release from molecular pharming (production of therapeutics in crops)
2+ Reease o private septicresch feds a) (3] + Release of drugs that serve double duty as pest control agents:
= Treated effluent from domestic sewage treatment plants discharged to surface waters, re-injected examples; 4-aminopyidi ; Jtiple sclerosis drug > used as avicide:
into aquifers (recharge), recycled/reused (irrigation or domestic uses) (3b) warfarin, > rat poison; il Tepro-
- Overflow of untreated sewage from storm events and system failures directly to surface waters (3b) ductive smhibitors, certsin antibiotics - used for orchard pathogens, acetaminophen,
@ X i analgesic ~»brown tree smake control; caffeine, stimulant » cogui frog control
= Transfer of sewage solids ("biosolids") to land (e.g., soil amendment/fertilization)
= "Straight-piping from homes (untreated sewage discharged directly to surface waters) [ Ultimate environmental transport/fate:
- Release from agriculture: spray drift from tree crops (e.g., antibiotics) « most PPCPs eventually transported from terrestrial domain to aqueous domain
= Dung from medicated domestic animals (¢.&., feed) - CAFOs (confined animal feeding operat o (both diseet and imdirect eactions via UV ight)
] . . i ical alteration, ion, and ult ineralizat
= Direct release to open waters via washing bathing/swimming « volatilization (mainly certain anesthetics, fragrances)
(G . ) « some uptake by plants
« Discharge of regulated d industrial manufict « respirable particulates containing sorbed drugs (e.g., medicated-feed dusts)
= Disposalrelease from clandestine drug labs and illicit drog usage
Clrvtin @ Dagécn, US EPA L Vs sewh 2008 S FUP S —
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Isotope fingerprinting of nitrate sources

UCHE

Isotopes in nature

» Elements like nitrogen can have different numbers of
neutrons in their atomic nucleus

4N - Nitrogen with 7 neutrons

I5N - Nitrogen with 8 neutrons
» One way to understand isotopes is to think of them as
different “colors” of an element
» We use a special instrument called a mass spectrometer
to measure the relative proportions of different element
colors in samples

R
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Isotopes of nitrate in Nature
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PrOjeCt deSign: Chemical analyses and modeling

|. Measure major cations, anions, nutrients in 35-40 wells and streams
2. Determine sources of nitrate in wells using isotope fingerprinting

3. Determine concentrations septic waste indicators (Jeremy Conkle
and Jay Gan — next slides)

4. Use groundwater modeling to determine source areas where
contamination is detected (HYDRUS and MODFLOW)

Indicators of Septic Waste in Groundwater




What are SWIs?

» Medicines
» Prescription
» Over the counter
» Herbicide
» Diuron
» Hormones
» Estrone
» Insect repellent
» DEET

Target Compound Use
Acetaminophen Headaches
Primidone Anti-epileptic
Meprobamate Anti-anxiety
Carbamazepine Anti-epileptic
Dilantin Anti-epileptic
Sulfamethoxazole Antibiotic
Atenolol Blood Pressure
Diazepam Anti-anxiety
Trimethoprim Antibiotic
Fluoxetine Anti-depressant
Atorvastatin Cholesterol
Ibuprofen Headaches
Naproxen Headaches
Gemfibrozil Cholesterol
Estrone Hormone
Triclosan Antibacterial
Diclofenac Arthritis
Simvastatin Cholesterol
Diuron Herbicide
Caffeine Stimulant
DEET Insect Repellent

Oral Usage Excretion

Dermal Usage Showering

Household Usage Disposal

Down the Drain

Septic/Sewage

How do SWIs get into the groundwater?

Groundwater
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SWI concern to humans?

» Rarely have compounds been detected in groundwater

» Concentrations when found in groundwater are very low
» Parts-per trillion or ng L-!
» 0.000,000,000,001

ng L' Source Use Human Dose Years (| dose, 5L day)
Sulfamethazine 76.0-220.0 CAFO Veterinary 500 mg (estimate) 1200
Sulfadimethoxine 46.0-68.0 CAFO Veterinary 500 mg (estimate) 4029

Batt, A. L.; Snow, D. D,; Aga, D. S., Occurrence of sulfonamide antimicrobials in private water wells in Washington County,
Idaho, USA. Chemosphere 2006, 64, (11), 1963-1971.

Over 1000 years drinking 5 L of contaminated water a day to get |
dose of these compounds

» No studies have shown any impact humans

» Only verified impacts are to small organisms
» Fish, bacteria, plants, algae

Why do we care about SWIs?

» Can be used as a tracer
» Signal human impacts

» Indicate incomplete septic treatment
» Wastewater not required to treat SWils

» Potential leaching from agricultural operations
» Veterinary medicines
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Questions?




