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Abstract Four wells downgradient from a landfill near

Elkhart, Indiana were sampled during 2000–2002 to evaluate

the presence of waste-indicator and pharmaceutical

compounds in landfill-leachate-affected ground water.

Compounds detected in leachate-affected ground water

included detergent metabolites (p-nonylphenol, nonylphenol

monoethoxylate, nonylphenol diethoxylate, and octylphenol

monoethoxylate), plasticizers (ethanol-2-butoxy-phosphate

and diethylphthalate), a plastic monomer (bisphenol A), dis-

infectants (1,4-dichlorobenzene and triclosan), an antioxidant

(5-methyl-1H-benzotriazole), three fire-retardant compounds

(tributylphosphate and tri(2-chloroethyl)phosphate, and

tri(dichlorisopropyl)phosphate), and several pharmaceuticals

and metabolites (acetaminophen, caffeine, cotinine, 1,7-dim-

ethylxanthine, fluoxetine, and ibuprofen). Acetaminophen,

caffeine, and cotinine detections confirm prior indications of

pharmaceutical and nicotinate disposal in the landfill.

Keywords Landfill leachate � Ground water �
Wastewater � Pharmaceuticals � Indiana

Landfill leachate is a mixed wastewater derived from the

interaction of infiltrating water with fluids, solids, and

gases within the buried waste. As analytical chemical

capabilities have increased, so has the diversity of organic

compounds detected in landfill leachate (Eganhouse et al.

2001; Holm et al. 1995; Oman and Hynning 1993; Murray

and Beck 1990). Many contaminants in industrial and

household wastewater (waste-indicators) and human and

veterinary pharmaceuticals (Kolpin et al. 2002; Glassmeyer

et al. 2005; Barnes et al. 2004) have been detected in

wastewater-affected surface water and ground water but

are not typically analyzed during regulatory monitoring of

leachate-affected ground water. Analysis and study of

waste-indicator and pharmaceutical compounds in landfill-

leachate-affected ground water are needed to determine

their potential presence and concentrations so that risks to

human health can be assessed and remedial actions at

landfills can be designed with knowledge of the concen-

trations of these compounds.

The Himco Dump is an unlined, 60 acre landfill north-

west of Elkhart, Indiana that was used for disposal of

commercial, industrial, and medical waste, and general

refuse on the land surface or in 10–15 feet deep trenches

from 1960 to 1976; it is listed on the US Environmental

Protection Agency (USEPA) National Priority List (US

Environmental Protection Agency 2002). The aquifer

beneath the landfill is in unconsolidated glacial outwash

deposits and is part of the St. Joseph aquifer system, a

USEPA-designated sole-source aquifer. The aquifer typi-

cally is separated into upper and lower units by a confining

unit of silt and clay; near the landfill the confining unit is
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absent (Duwelius and Silcox 1991). Ground-water flow in

the shallow aquifer near the landfill is south-southeast

(Fig. 1) and toward the St. Joseph River (Duwelius and

Silcox 1991) except for an area of south-southwesterly flow

along the southern landfill boundary. A plume of leachate-

related bromide in ground water was mapped in 1980 and

1982 as extending about 1 mile south-southeast of the

landfill toward a public-supply-well field (Duwelius and

Silcox 1991). USEPA sampling from 1984 through 1995

detected volatile organic compounds (VOCs), semi-VOCs,

and metals in water from wells at and near the landfill.

Water from domestic wells in a neighborhood east of the

landfill contained concentrations of benzene, chloroform,

1,2-dichloroethane, vinyl chloride, 1,1-dichloroethane,

arsenic, sodium, and calcium that indicated leachate con-

tamination. Ground water downgradient from the landfill

was sampled in 2000 and 2002 for this study to identify

whether waste-indicator and pharmaceutical compounds

could be present in landfill-leachate-affected ground water.

Materials and Methods

Water samples were collected from three wells completed

in the aquifer downgradient from the landfill on November

15–16, 2000; two observation wells (101A and 116A) and

a domestic well (Fig. 1; Table 1). Samples were collected

from two wells on October 31, 2002 (115A and 116A) to

expand and verify the results of the 2000 sampling. Well

101A was dry during sampling in 2002; nearby observation

well 115A, also completed in the aquifer downgradient

from the landfill, was substituted. Sampling personnel

abstained from selected personal care and food products

including insect repellents, colognes, perfumes, caffeinated

 

755755

754754

752752

753753

DOMESTIC WELLDOMESTIC WELL

101A101A115A115A

116A116A

LANDFILLLANDFILL

CONSTRUCTIONCONSTRUCTION
DEBRIS FILLDEBRIS FILL

860  01' 26" 860 00' 

410 42' 09"

410 42' 48"

Base from U.S. Geological Survey 1:12,000 digital data, Universal 
Transverse Mercator projection, Zone 16, Standard parallel 0° 
(Equator), Central meridian 87° W, North American Datum 1983.
Water-table contours, landfill features, and well locations 
from Figure 3-1, U.S. Environmental Protection Agency, 2002.

115A

EXPLANATION (BLACK SYMBOLS BELOW ARE SHOWN IN WHITE ON FIGURE)

LOCATION AND NAME OF SAMPLED WELL

WATER-TABLE CONTOUR—Shows altitude of 
water table in feet above datum in April 2000. 
Vertical datum NGVD, 1929. Dashed where inferred. 

1,000 1,500 FEET

100 200 300 METERS 0

0

_

_

_

_ _ ___

_

_

_ _

_

_

_

STUDY AREA

INDIANA

ELKHART

APPROXIMATE EXTENT OF LANDFILL

752

500

APPROXIMATE DIRECTION OF GROUND-WATER FLOW

Fig. 1 Location of study area and sampled wells near Elkhart, Indiana, USA (2000 and 2002), and water-table configuration, April 2000

654 Bull Environ Contam Toxicol (2009) 82:653–659

123



products, and tobacco for 3 days prior to sampling and

throughout sample collection and processing. Ground-water

samples were produced using a stainless steel submersible

pump equipped with polytetrafluoroethylene gear-drive,

hose, and fittings. Decontamination was done before and

between samples by sequentially flushing the sample pump

and tubing with a diluted laboratory-grade detergent rinse; a

deionized-water rinse; and 4 L of laboratory-grade, organic-

free water. Water was sampled when probe-measured pH,

specific conductance (SC), and temperature of water from

the wells had stabilized in sequential, flow-cell based mea-

surements. Water samples were collected in amber, baked-

glass bottles, chilled immediately after collection, and sent

to the USGS National Water Quality Laboratory in Denver,

Colorado. In 2000, a field-process-blank sample was pre-

pared by pouring laboratory-grade, organic-free water into a

clean sample bottle before collecting the sample from the

domestic well. In 2002, a field-process-blank sample was

prepared by pumping laboratory-grade, organic-free water

through the sampling pump and tubing after decontamina-

tion and before collecting water from well 116A. Samples

were filtered at the laboratory before extraction through a

glass-fiber filter with a 0.7 lm pore size.

Three methods were used to prepare samples for analysis

and measure concentrations of the target compounds (Foc-

azio et al. 2008). Samples for waste-indicator compound

analysis were preserved with 60 g NaCl to ‘‘salt out’’

hydrophilic compounds (Zaugg et al. 2002) and extracted

using continuous liquid-liquid extraction with methylene

chloride at pH 2. Waste-indicator compounds were deter-

mined by capillary-column gas chromatography/selected-

ion monitoring (SIM) mass spectrometry (MS). Human

prescription and nonprescription drugs and selected

metabolites were extracted using SPE cartridges that con-

tained 0.5 g of Oasis Hydrophilic-Lipophilic-Balance

(HLB), then separated and measured by high-performance

liquid chromatography coupled to an electrospray ioniza-

tion, quadrupole MS in SIM mode (Cahill et al. 2004).

Antibiotic compounds were extracted and analyzed using

tandem solid-phase extraction (SPE) and single quadrapole,

liquid chromatography/electrospray-MS in positive-ion

mode using SIM (Meyer et al. 2007). The tandem SPE used

an Oasis HLB cartridge (60 mg), followed in sequence by a

mixed mode, HLB-cation exchange cartridge (60 mg)

(Waters Inc., Milford, Massachusetts). Data were reported

using the conventions of Focazio et al. (2008).

Results and Discussion

Concentrations of contaminants in water from the sampled

wells were similar to leachate-affected ground water

(Table 2). Water from wells 115A and 116A had concen-

trations of bromide similar to those in a leachate plume from

the landfill as classified using data from Duwelius and Silcox

(1991). Similar concentrations of sulfate, 1,1-dichloroeth-

ane, 1,2-dichloropropane, and dichlorodifluoromethane

were detected in water from the observation wells and the

domestic well. The SC of water from the three observation

wells was similar to the SC of landfill-leachate-affected

ground water from other local observation wells.

Several waste-indicator compounds were detected in

water from the observation wells (Table 3), including

detergent metabolites (p-nonylphenol, nonylphenol mono-

ethoxylate, nonylphenol diethoxylate, and octylphenol

monoethoxylate), plasticizers (ethanol-2-butoxy-phosphate

and diethylphthalate), a plastic monomer (bisphenol A),

disinfectants (1,4-dichloro-benzene and triclosan), an

antioxidant (5-methyl-1H-benzotriazole), three fire-retar-

dant compounds (tributylphosphate, tri(2-chloroethyl)-

phosphate, and tri(dichlor-isopropyl)phosphate), a wood

preservative (p-cresol), and an insect repellent (N,N-

diethyltoluamide). Recoveries of several waste-indicator

compounds from fortified laboratory blank samples were

low (30%–63%), indicating that concentrations of these

compounds in water samples may be greater than listed in

Table 3. Antibiotics and several waste-indicator and

pharmaceutical compounds were not detected in ground-

water samples; these results can be accessed using the

instructions in footnote 1 of Table 3.

Table 1 Characteristics of wells sampled for analysis of waste-indicator and pharmaceutical contaminants near a landfill at Elkhart, Indiana,

USA

Well

identifier

USGS site number Latitude Longitude Well depth

(feet below

ground surface)

Water level (depth in

feet below ground surface;

date in month/day/year)

Casing diameter

and material

Aquifer type

116A 414216086001701 41� 4201600 N 86� 0001700 W 12.8 11.35 (11/16/2000);11.61

(10/31/2002)

2 in. ID PVC Unconfined

101A 414215086001702 41� 4201600 N 86� 0001700 W 18.8 10.11 (11/16/2000) 2 in. ID PVC Unconfined

115A 414217086002301 41� 4201600 N 86� 0002200 W 17.4 14.33 (10/31/2002) 2 in. ID PVC Unconfined

Domestic well 414218086001101 41� 4201800 N 86� 0001200 W – – Unknown Unconfined

USGS, U.S. Geological Survey; �: degree; 0: minute; 00: second; in., inch; ID, inside diameter; PVC, polyvinylchloride; –, could not measure
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Pharmaceuticals and pharmaceutical metabolites in

water from the observation wells included acetaminophen,

caffeine, cotinine (a nicotine metabolite), 1,7-dimethyl-

xanthine (a caffeine metabolite), fluoxetine, and ibuprofen.

The domestic well water analysis may have been affected

by water from nearby septic systems; it had larger con-

centrations of acetaminophen and caffeine than water from

the observation wells. About 69 kg/day of caffeine, 7 kg/

day of acetaminophen and 0.1 kg/day methyl nicotinate

were disposed in 1976 with the firm that managed the

landfill (David Lamm, Indiana State Board of Health,

written commun. 1976). Small concentrations of acetami-

nophen, caffeine, and 1,7-dimethylxanthine in leachate-

affected ground water (Table 3) are consistent with their

short persistence in simulated soil columns (Cordy et al.

2004). The cotinine detections in ground water may relate

to environmental degradation of methyl nicotinate or

human metabolism of nicotine. The ibuprofen detection in

water from well 101A (3.1 lg/L) may relate to disposal of

prescription or preproduction residues in the landfill.

Waste-indicator compound detections from landfill-

leachate-affected ground water in this study (Table 3) are

similar to those in leachate-affected ground water at a

landfill near Norman, Oklahoma (Barnes et al. 2004). Fre-

quently detected compounds from both sites include a fire

retardant (tri(2-chloroethyl)-phosphate), a plasticizer (eth-

anol-2-butoxy-phosphate), a plastic monomer (bisphenol

A), detergents (nonylphenol mono-ethoxylate, nonylphenol

diethoxylate, octylphenol monoethoxylate, and p-nonyl-

phenol) and an insect repellant (N,N-diethyltoluamide). The

diversity of pharmaceuticals and pharmaceutical metabo-

lites detected in ground-water samples in this study was

greater than that reported for ground water near the Norman

landfill. These results indicate the importance of additional

analyses of leachate affected ground water from other sites

for waste-indicator and pharmaceutical compounds to

evaluate their potential occurrence and persistence in

ground water. These results and conclusions are based on

2000 and 2002 data from this study and prior published

results. Additional data collection is planned in 2008 by the

USEPA during design of the final cleanup plan for this

landfill (Rosauro Delrosario, U.S. Environmental Protec-

tion Agency, written commun. 2008).
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