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Conversion Factors and Water-Quality Units

Multiply By To obtain

Length
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Area

square mile (mi?) 2.590 square kilometer (km?)

Volume
gallon (gal) 3.785 liter (L)
cubic yard (yd?) 0.7646 cubic meter (m?*)

Flow rate

million gallons per day (Mgal/d) 0.04381 cubic meter per second (m?%/s)

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at
25 °C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L)
or micrograms per liter (pg/L).
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PRESENCE AND DISTRIBUTION OF ORGANIC
WASTEWATER COMPOUNDS IN WASTEWATER,
SURFACE, GROUND, AND DRINKING WATERS,

MINNESOTA, 2000-02

By Kathy E. Lee, Larry B. Barber, Edward T. Furlong, Jeffery D. Cahill, Dana W. Kolpin, Michael T. Meyer, and

Steven D. Zaugg
ABSTRACT

Selected organic wastewater compounds (OWCs)
such as household, industrial, and agricultural-use
compounds, pharmaceuticals, antibiotics, and sterols and
hormones were measured at 65 sites in Minnesota as part
of a cooperative study among the Minnesota Department
of Health, Minnesota Pollution Control Agency, and the
U.S. Geological Survey. Samples were collected in Min-
nesota during October 2000 through November 2002 and
analyzed for the presence and distribution of 91 OWCs
at sites including wastewater treatment plant influent
and effluent; landfill and feedlot lagoon leachate; surface
water; ground water (underlying sewered and unsewered
mixed urban land use, a waste dump, and feedlots); and
the intake and finished drinking water from drinking
water facilities

There were 74 OWCs detected that represent a wide
variety of use. Samples generally comprised a mixture of
compounds (average of 6 OWCs) and 90 percent of the
samples had at least one OWC detected. Concentrations
for detected OWCs generally were less than 3 micro-
grams per liter. The ten most frequently detected OWCs
were metolachlor (agricultural-use herbicide); choles-
terol (sterol primarily associated with animal waste); caf-
feine (stimulant), N,N-diethyl-mefa-toluamide (DEET)
(topical insect repellant); bromoform (disinfection by
product); tri(2-chloroethyl)phosphate (flame-retardant
and plastic component); beta-sitosterol (plant sterol that
is a known endocrine disruptor); acetyl-hexamethyl-tet-
rahydro-naphthalene (AHTN) (synthetic musk widely
used in personal care products, and a known endocrine
disruptor); bisphenol-A (plastic component and a known
endocrine disruptor); and cotinine (metabolite of nico-
tine).

Wastewater treatment plant influent and effluent,
landfill leachate, and ground water underlying a waste

dump had the greatest number of OWCs detected. OWC
detections in ground-water were low except underly-

ing the one waste dump studied and feedlots. There
generally were more OWCs detected in surface water
than ground water, and there were twice as many OWCs
detected in the surface water sites downstream from
wastewater treatment plant (WWTP effluent than at sites
not directly downstream from effluent. Comparisons
among site classifications apply only to sites sampled
during the study.

Results of this study indicate ubiquitous distribu-
tion of measured OWCs in the environment that origi-
nate from numerous sources and pathways. During
this reconnaissance of OWCs in Minnesota it was not
possible to determine the specific sources of OWCs
to surface, ground, or drinking waters. The data indi-
cate WWTP effluent is a major pathway of OWCs to
surface waters and that landfill leachate at selected
facilities is a potential source of OWCs to WWTPs.
Aquatic organism or human exposure to some OWCs
is likely based on OWC distribution. Few aquatic or
human health standards or criteria exist for the OWCs
analyzed, and the risks to humans or aquatic wildlife
are not known. Some OWCs detected in this study are
endocrine disrupters and have been found to disrupt or
influence endocrine function in fish. Thirteen endocrine
disrupters, 3-tert-butyl-4-hydoxyanisole (BHA), 4-
cumylphenol, 4-normal-octylphenol, 4-tert-octylphenol,
acetyl-hexamethyl-tetrahydro-naphthalene (AHTN)),
benzola]pyrene, beta-sitosterol, bisphenol-A, diazinon,
nonylphenol diethoxylate (NP2EO), octyphenol diethox-
ylate (OP2EQ), octylphenol monoethoxylate (OP1EQO),
and total para-nonylphenol (NP) were detected. Results
of reconnaissance studies may help regulators who set
water-quality standards begin to prioritize which OWCs
to focus upon for given categories of water use.
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INTRODUCTION

Household, industrial, and agricultural-use com-
pounds (HIAs), pharmaceuticals, antibiotics, sterols, and
hormones are newly recognized classes of organic com-
pounds that are often associated with wastewater. These
organic wastewater compounds (OWCs) are character-
ized by high usage rates, potential health effects, and
continuous release into the environment through human
activities (Halling-Sorensen and others, 1998; Daughton
and Ternes, 1999). OWCs can enter the environment
through a variety of sources and may not be completely
removed in wastewater treatment systems (Richardson
and Bowron, 1985; Stumpf and others, 1996; Ternes,
1998) resulting in potentially continuous sources of
OWCs to surface, ground, and drinking waters. OWCs
have been detected in surface and ground waters
throughout the world (Stumpf and others, 1996; Heberer
and others, 1997; Buser and others, 1998; Ternes, 1998;
Heberer and others, 1998; Daughton and Ternes, 1999).
Kolpin and others (2002) reported that 80 percent of 139
streams sampled across the United States contained at
least one OWC.

The continual introduction of OWCs into the
environment may have undesirable effects on humans
and animals (Daughton and Ternes, 1999). Much of
the concern has focused on the potential for endocrine
disruption (change in normal processes in the endocrine
system) in fish. Field investigations in Europe and the
United States suggest that selected OWCs (nonionic-
detergent metabolites, plasticizers, pesticides, and
natural or synthetic sterols and hormones) have caused
changes in the endocrine systems of fish (Purdom and
others, 1994; Jobling and Sumpter, 1993; Folmar and
others, 1996; Folmar and others, 2001; Goodbred and
others, 1997). In Minnesota, male common carp (Cypri-
nus carpio) collected in the effluent channel from the St.
Paul/Minneapolis Metropolitan Wastewater Treatment
Plant showed signs of endocrine disruption (Folmar and
others, 1996; Lee and others, 2000).

An additional concern is the introduction of antibi-
otics and other pharmaceuticals into the environment.
Antibiotics and other pharmaceuticals administered to
humans and animals are not always completely metabo-
lized and are excreted in urine or feces as the original
product or as metabolites (Daughton and Ternes, 1999).
The introduction of antibiotics into the environment may
result in strains of bacteria that become resistant to anti-
biotic treatment (Daughton and Ternes, 1999).

It is important to determine the presence and dis-
tribution of OWCs in Minnesota’s wastewater, surface,
ground, and drinking waters because of potential human
and ecosystem health concerns. The U.S. Geological
Survey (USGS), in cooperation with the Minnesota
Department of Health (MDH), and the Minnesota Pol-
lution Control Agency (MPCA) conducted a reconnais-
sance study to determine the presence and distribution
of OWCs in wastewater, surface, ground, and drink-
ing waters in Minnesota during October 2000 through
November 2002. The purpose of this report is to describe
the results of this study and to document the quality-
assurance procedures used to evaluate data quality.

STUDY DESIGN AND METHODS

Sites were selected to determine the presence and
distribution of selected OWCs in potential wastewater,
ground, surface, and drinking water sources in Minne-
sota. A total of 65 sites were selected, which included
classifications as wastewater, surface-, ground-, and
drinking-water sites (figs. 1 and 2; table 1).

The wastewater site classification included waste-
water treatment plant influent and effluent, leachate from
landfills, and water underlying feedlot lagoons. Waste-
water treatment plants (WWTPs) were selected based on
major influent composition, processing techniques, and
accessibility. WWTPs sampled during this study dif-
fered in design flows, treatment techniques, and compo-
sition of influent (table 2). Effluent was sampled from
four WWTPs (Sites 2, 3, 4, 5). Both the influent (Site
1) and effluent (Site 2) were sampled from one WWTP
(East Grand Forks).

Three landfills were selected for leachate sampling.
Landfill leachate (water that had passed through waste
and collected in perimeter drains) was expected to have
high concentrations of OWCs and would provide an
estimate of the greatest expected concentrations. Land-
fill leachate was included in the wastewater classification
(as opposed to the ground-water classification) because
leachate at the facilities sampled is collected and trans-
ported to WWTPs for treatment. Landfills were selected
based on type of waste received and accessibility. Land-
fills varied with respect to total capacity, type of waste,
and leachate amount generated (table 3). Two of the
landfill locations (Sites 6 and 7) were sanitary landfills
and one (Site 8) was an industrial landfill.
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Figure 1. Location of study area and sampling sites (see table 1).

Two feedlot lagoons (Sites 9 and 10) used for
livestock waste were selected to determine if OWCs in
livestock waste pass through the compacted clay layer
surrounding the lagoon basin. The two selected lagoons
have systems to monitor the quantity and quality of
seepage through compacted clay liners that underlie

the sidewalls and bottoms of the lagoons. The systems
consist of polyvinyl chloride (PVC) sheets that route
seepage to a sump. Site 9 is located at a large hog farm,
and holds a manure-water mixture from a nearby swine
gestation barn (Ruhl, 1999). Site 10 holds waste from
a small dairy farm (Wall and others, 1998). Selected
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Figure 2. Location of sampling sites in east-central Minnesota, (see ta

feedlot lagoons were considered representative of other
lagoons in the state of Minnesota.

There were 32 surface-water sites selected for
this study (table 4). Surface-water sites were selected
because of proximity to WWTP effluent discharge points
and drinking-water-facility intakes, or basin land use.
A remote lake in Voyageurs National Park with little
human influence was selected as a reference location
(Site 15). There were 11 sites selected on streams or
lakes upstream from, and in close proximity to, drinking
water-facility-intake pipes to determine potential sources
of OWCs. There were 15 stream or lake sites (Sites 12,
14, 16, 17, 21, 28, 32, 33, 34, 35, 36, 39, 40, 41, and 42)
selected downstream from WWTP effluent discharges

is site identifier)
Ground water (number is site identifier)

Landfill leachate (number is site identifier)

ble 1).

(most within 1 mile of the discharge location) to deter-
mine if WWTP effluent is a potential source of OWCs to
these streams.

This reconnaissance study included additional coop-
erative research. Three sites (Sites 38, 39, and 40) were
sampled to determine the longitudinal change in OWCs
upstream and downstream from WWTP effluent as part
of a nationwide study by the U.S. Environmental Pro-
tection Agency and USGS Toxics Substances Hydrol-
ogy Program. Site 38 is located upstream from WWTP
effluent (Site 4), Site 39 is 250 ft downstream from the
effluent discharge, and Site 40 is 1 mile downstream
from effluent discharge. In addition, three sites (Sites 23,
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Table 1. Selected sampling sites, and site classifications, Minnesota, 2000-02

[WWIF, wastewater treatment plant influent; WWEF, wastewater treatment plant effluent; WWTP, wastewater treatment plant; LFLCH, landfill leachate;
FLLAG, feedlot lagoon; SW, surface water; SDW, surface water downstream from wastewater treatment plant effluent discharge; GWDW, ground water used for

municipal drinking water supply; GWUI, ground water underlying mixed urban/residential/commercial/industrial land use that is sewered; GWUNSW, ground
water underlying urban residential area that is unsewered; GWD, ground water underlying a waste dump; GWFLT, ground water underlying a feedlot; DWI,

drinking water intakes; DWO, finished drinking water; HN, Hennepin County; MW, monitoring well].

5

Site identifier Site name Site
(fig.1 0r 2) classification
Wastewater sites
1 WWTP Lift Station Inflow at East Grand Forks WWIF
2 WWTP Outflow at East Grand Forks WWEF
3 Metropolitan Council Environmental Services WWTP Outflow in St. Paul WWEF
4 WWTP outflow at Rochester WWEF
5 Western Lake Superior Sanitary District WWTP outflow at Duluth WWEF
6 Sanitary Landfill-1 LFLCH
7 Sanitary Landfill-2 LFLCH
8 Industrial Landfill-1 LFLCH
9 Morrison County feedlot lagoon FLLAG
10 Dodge County feedlot lagoon FLLAG
Surface-water sites
11 Red River of the North above Fargo, N.Dak. SW
12 Red River of the North below Fargo, N.Dak. SDW
13 Red Lake River at State Hwy 220 above East Grand Forks SW
14 Red River of the North below WWTP at East Grand Forks SDW
15 Ek Lake near International Falls SW
16 Rainy River below International Falls SDW
17 Lake Superior in St. Louis Bay at Duluth SDW
18 Mississippi River above Sauk River near Sauk Rapids SW
19 Sauk River near St. Cloud SW
20 Mississippi River above Clearwater River near Clearwater SW
21 Jewitt’s Creek near Litchfield SDW
22 Crow River below State Hwy 101 at Dayton SW
23 Elm Creek near Champlin SW
24 Mississippi River near Anoka SW
25 Vadnais Lake at Pumping Station in Vadnais Heights SW
26 Rice Creek at County Road 1 in Fridley SW
27 Shingle Creek at Queen Ave. in Minneapolis SW
28 Redwood River below WWTP near Marshall SDW
29 Blue Earth River near Rapidan SW
30 Little Cobb River near Beauford SW
31 Blue Earth River at County Road 90 near Mankato SW
32 Minnesota River at Mankato SDW
33 Mississippi River at Ninninger SDW
34 Mississippi River below Lock and Dam 2 at Hastings SDW
35 St. Croix River below Stillwater SDW
36 Vermillion River below Empire WWTP near Empire SDW
37 Bear Creek Tributary near Chester SW
38 South Fork Zumbro River at Rochester SW
39 South Fork Zumbro River near Rochester SDW
40 South Fork Zumbro River below WWTP near Rochester SDW
41 Cedar River below WWTP at Austin SDW
42 Okabena Creek near Worthington SDW
Ground-water sites
43 Moorhead City well number 9 GWDW
44 Burlington Northern well near St. Cloud GWUI
45 St. Cloud Rail Authority well GWUI
46 HN-K well GWUIL
47 St. Louis Park well GWUI
48 Anoka County observation well GWUNSW
49 Prior Lake observation well GWUNSW
50 St. Joseph observation well GWUNSW
51 MW-6 at Pigs Eye Dump GWD
52 MW-14 at Pigs Eye Dump GWD
53 Isanti County Observation well near Princeton GWFLT
Drinking-water sites
54 Moorhead Drinking Water Facility intake water at Moorhead DWI
55 Moorhead Drinking Water Facility finished water at Moorhead DWO
56 East Grand Forks Drinking Water Facility intake water at East Grand Forks DWI
57 East Grand Forks Drinking Water Facility finished water at East Grand Forks DWO
58 St. Cloud Drinking Water Facility intake water at St. Cloud DWI
59 St. Cloud Drinking Water Facility finished water at St. Cloud DWO
60 St. Paul Drinking Water Facility intake water at Maplewood DWI
61 St. Paul Drinking Water Facility finished water at Maplewood DWO
62 Minneapolis Drinking Water Facility intake water at Columbia Heights DWI
63 Minneapolis Drinking Water Facility finished water at Columbia Heights DWO
64 Mankato Drinking Water Facility intake water at Mankato DWI
65 Mankato Drinking Water Facility finished water at Mankato DWO
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Study design and methods

Table 4. Land use and land cover percentages, and drainage ares in the basin upsstream from surface-water sampling locations, Min-
nesota, 2000-02

[nd, not determined; the sum of land use/land cover percentages may not equal 100 due to absence of an ‘other’ category; mi?, square miles; WWTP, wastewater

treatment plant].
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Site Site name Percent  Percent Percent Percent  Basin Area
identifier urban forest/ agriculture  wetland (mi?)
(fig. 1 0r 2) shrub

11 Red River of the North above Fargo, N.Dak. 0.6 7.5 79.0 7.8 6,621
12 Red River of the North below Fargo, N.Dak. 0.8 7.4 79.1 7.7 6,704
13 Red Lake River at St. Hwy 220 above East Grand Forks 0.5 14.5 41.5 33.6 5,710
14 Red River of the North below WWTP at East Grand Forks 0.7 7.6 76.0 11.6 25,713
15 Ek Lake near International Falls 0 80 0 20.0 1.21
16 Rainy River below International Falls 0.3 61.6 1.1 21.0 4,452
17 Lake Superior in St. Louis Bay at Duluth 1.5 46.9 7.5 37.6 3,719
18 Mississippi River above Sauk River near Sauk Rapids 0.9 38.8 25.5 24.7 12,582
19 Sauk River near St. Cloud 1.2 9.8 71.9 12.1 1,034
20 Mississippi River above Clearwater River near Clearwater 1.0 36.4 29.3 23.6 13,762
21 Jewitt’s Creek near Litchfield 7.3 4.4 63.9 14.9 26.9
22 Crow River below State Hwy 101 at Dayton 1.5 6.7 73.9 12.4 2,750
23 Elm Creek near Champlin 8.7 1.6 84.0 2.8 85.8
24 Mississippi River near Anoka 1.2 30.1 37.8 21.6 19,092
25 Vadnais Lake at Pumping Station in Vadnais Heights nd nd nd nd nd
26 Rice Creek at County Road 1 in Fridley 22.2 10.2 39.2 18.6 180.2
27 Shingle Creek at Queen Ave. in Minneapolis 71.0 0.9 20 0.7 28.2
28 Redwood River below WWTP near Marshall 1.8 2.8 87.8 4.8 268.9
29 Blue Earth River near Rapidan 1.7 32 91.0 2.6 2,430
30 Little Cobb River near Beauford 0.2 0.5 94.0 4.0 130
31 Blue Earth River at County Road 90 near Mankato 1.7 3.2 91.0 2.6 3,536
32 Minnesota River at Mankato 1.0 3.5 88.5 4.5 14,917
33 Mississippi River at Ninninger 2.5 19.0 66.0 7.1 37,000
34 Mississippi River at Lock and Dam 2 at Hastings 2.5 18.0 66.0 7.1 37,000
35 St. Croix River below Stillwater 0.6 49.0 28.8 17.0 7,025
36 Vermillion River below Empire WWTP near Empire 13.8 10.6 65.0 7.6 118.9
37 Bear Creek Tributary near Chester nd nd nd nd nd
38 South Fork Zumbro River at Rochester 54 7.7 83.6 2.9 301.6
39 South Fork Zumbro River near Rochester 5.4 7.7 83.6 2.9 301.6
40 South Fork Zumbro River below WWTP near Rochester 54 7.7 83.6 2.9 301.6
41 Cedar River below WWTP at Austin 34 34 90.6 24 2443
42 Okabena Creek near Worthington 28.1 0.9 68.0 0.8 8.2
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27, and 30) were sampled cooperatively with the USGS
National Water-Quality Assessment (NAWQA) Pro-
gram. These sites have been sampled extensively by the
NAWQA Program.

Ground-water sites (table 5) included 1 production
well (Site 43), 8 monitoring wells (Sites 44-47, 50-53),
and 2 temporary drive-point test wells (Sites 48 and 49).
Ground-water sites were selected based on proximity to
potential OWC sources and surrounding land-use charac-
teristics, with the exception of Site 43 in the Quaternary
aquifer near Moorhead, Minnesota that was sampled
because it serves as a source of water for the Moorhead
Drinking Water Facility (DWF).

The monitoring wells were less than 40 ft deep.
There were four wells located in mixed urban residen-
tial/commercial/industrial land use in sewered areas, two
wells located in the waste dump, and one well located
in the feedlot. Two temporary drive-point test wells
(Sites 48 and 49) and one monitoring well (Site 50) were
selected in unsewered areas near individual sewage treat-
ment system leach fields (septic systems).

Six drinking water facilities (DWFs) (Sites 54-65
shown in table 6) were selected for this study. Two
DWFs were selected in the Red River of the North Basin
(Moorhead, and East Grand Forks), and four DWFs
were sampled in the Upper Mississippi River Basin
(St. Cloud, St. Paul, Minneapolis, and Mankato). These
facilities have different source waters and varying water-
treatment techniques (table 6). Selected DWFs (except
Mankato and Moorhead DWFs) utilize surface water
as their source for drinking water production. Mankato
DWEF draws most of its water from Ranney collector
wells adjacent to the Blue Earth and Minnesota Rivers.
Ranney wells used by the Mankato DWF are approxi-
mately 60 ft below the land surface. Ground water at the
Ranney wells could be influenced by recharge from the
Blue Earth and Minnesota Rivers (George Rosati, City
of Mankato Water Treatment Facility, oral commun.,
2000). One water production well that serves as a source
of intake water for Moorhead DWF also was sampled
(Site 43). This well is used intermittently as a drinking
water source in conjuction with surface water from the
Red River of the North and was in production during
two sampling periods (Fall of 2000, and Summer of
2001). Both intake and finished water from DWFs were
sampled.

All samples were collected using protocols and
procedures to obtain a representative sample and avoid
sample contamination. Specific protocols and methods

are documented for the collection and processing of
water-quality samples (U.S. Geological Survey, 2003),
and streamflow computation (Rantz and others, 1982

a and b; Morlock and others, 2002). During collection
or processing of samples, sample collectors did not use
personal care items (such as insect repellent, colognes,
aftershave, and topical antibiotics), and they did not con-
sume caffeinated products (coffee, tea, carbonated bever-
ages). All samples were collected with inert materials
such as Teflon, glass, or stainless steel. A multi-param-
eter probe was used to measure field parameters (spe-
cific conductance, pH, water temperature, and dissolved
oxygen) at each site (U.S. Geological Survey, 2004a).

Integrated width-and depth-sampling techniques
were used to sample WWTP effluent from the effluent
discharge channels outside of three plants (Sites 3, 4, and
5) and from the treated effluent at Site 2 in the outflow
of the settling pond during release to the Red River of
the North (U.S. Geological Survey, 2003). Both raw and
treated sewage were collected from the East Grand Forks
WWTP (Sites 1 and 2). Untreated sewage influent was
collected from an interceptor line at Site 1 by filling a
Teflon sample bottle from the incoming waste stream.

Landfill leachate samples were collected with a
Teflon bailer from leachate storage tanks and compos-
ited in glass or Teflon containers. The leachate at Site
6 was collected from an underground storage tank that
collected water from selected locations within the land-
fill. Leachate from Site 7 was collected from an above
ground storage tank representative of selected locations
within the landfill. Leachate from Site 8 was collected
from an above ground storage tank that was representa-
tive of the entire landfill.

Wastewater samples from feedlot lagoons used for
animal waste (Sites 9 and 10) were collected from the
drainage system underlying the lagoon. A sump pump
was used to collect water passing through the compacted
clay layer that was intercepted by a plastic liner.

Stream samples were collected using established
USGS techniques (U.S. Geological Survey, 2003). Sam-
ples were collected from boats, bridges, or by wading,
depending on stream size and streamflow conditions.
Stream samples were collected with a depth-integrating
sampler from 5-10 verticals and composited in a Teflon
or glass container prior to processing. Lake samples
(Sites 15 and 17) were collected with a depth-integrating
sampler from 5-10 locations in the lake.
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Hydrographers measured streamflow concurrent
with sample collection at most stream sites. Streamflow
was measured using current meters (Rantz and oth-
ers, 1982 a and b) where stream cross sections could
be waded. A boat-mounted acoustic-Doppler measur-
ing device aboard a boat traversing the river was used
to measure streamflow where depths in stream cross
sections precluded wading (Morlock and others, 2002).
At selected sites with continuous recording gages,
streamflow was obtained from the USGS National Water
Information System (NWIS) (U.S. Geological Survey,
2004b).

Ground-water samples were collected from moni-
toring wells using USGS protocols (U.S. Geological
Survey, 2003). Samples were collected after at least three
well volumes had been pumped and field parameters had
stabilized. A positive displacement pump with a stain-
less steel head, and Teflon tubing was used for sampling
monitoring wells. The water production well (Site 43)
was sampled from a faucet in the well house. Two drive-
point temporary test holes (Sites 48 and 49) within 100 ft
of an active septic system in unsewered urban areas were
sampled with a peristaltic pump and polyethylene tub-
ing inserted into a steel probe that had a stainless steel
screen. Water samples were collected from the upper 2 ft
of the water table.

Intake and finished water samples were collected
inside DWFs. The samples were collected from an
intake faucet and a finished-water faucet that also
were used for internal DWF monitoring. Samples were
collected from the faucets when field parameters had
stabilized.

All sites were sampled at least once from October
2000 through November 2002. At 30 sites, 3-4 water
samples were collected during: (1) fall baseflow, (2)
winter baseflow, (3) spring-snowmelt runoff, and (4)
summer-storm runoff.

Following collection, samples were composited into
a glass container and chilled prior to processing. Chilled
water samples were processed within 1-2 hours of col-
lection. Each sample was filtered through a 0.7-um glass
fiber filter that was baked at 450°C for 2 hours. Approxi-
mately 100 mL of filtrate was wasted before sample
collection to flush the filtration system. Once the system
was flushed, water was filtered into precleaned amber
glass bottles and refrigerated before shipping to selected
laboratories (National Water-Quality Laboratory, Denver,
Colorado; U.S. Geological Survey Laboratory, Ocala,

Study design and methods 1"

Florida; and U.S. Geological Survey Laboratory, Boul-
der, Colorado).

USGS research and official production methods
were used to analyze for the 114 selected OWCs in this
study (appendix 1). This list of OWCs was developed
during previous and ongoing studies by the USGS
Toxics Substances Hydrology Program. OWCs were
selected based upon usage, toxicity, potential estrogenic
activity, and persistence in the environment (Barnes and
others, 2002; Kolpin and others, 2002). Research meth-
ods are experimental in contrast to official production
methods, and are not conducted in a routine-production
capacity. Research methods typically are in develop-
ment and extensive quality-control information is often
not available; therefore, there is uncertainty associated
with compound concentrations.

There were five different analytical methods used
in this study. The following descriptions of analyti-
cal Methods 1-5 are intended to provide an overview.
Methods 1, 2, 4, and 5 are USGS research methods,
and Method 3 is an official USGS production method.
Analytical data summarized in this report, and can be
accessed electronically on the world wide web (U.S.
Geological Survey, 2004 a-f).

Analytical Method 1 analyzes for 16 human pre-
scription and nonprescription pharmaceuticals and their
select metabolites in filtered water samples (including
two antibiotics that also are analyzed using Method 2;
and 2 pharmaceuticals that also are analyzed using Meth-
ods 3 and 4). Pharmaceuticals were extracted from water
samples using hydrophilic-lipophilic-balance (HLB)
solid phase extraction (SPE) cartridges. Sample extracts
were separated and measured by reversed phase high-
performance liquid chromatography/electrospray ioniza-
tion mass spectrometry (HPLC/[ESI]MS) using selected
ion monitoring (SIM). Additional details on this method
are provided elsewhere (Barnes and others, 2002; Kolpin
and others, 2002; Cahill and others, 2004).

Analytical Method 2 analyzes for 21 veterinary
and human antibiotics in filtered water samples. These
analyses were completed at the U.S. Geological Survey
Laboratory in Ocala, Florida. Antibiotics were extracted
by tandem SPE and analyzed by HPLC/[ESI]MS using
SIM. The tandem SPE included an Oasis HLB car-
tridge (60 mg) followed by a mixed mode, HLB-cat-
ion exchange (MCX) cartridge (60 mg) (Waters Inc.,
Milford, Mass.). Additional details on this method are
provided elsewhere (Meyer and others, 2000; Barnes and
others, 2002; Kolpin and others, 2002).
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Analytical Methods 3 and 4 analyze for 63 OWCs in
filtered water including 57 HIAs, 2 pharmaceuticals, and
4 sterols (including 2 sterols also analyzed by Method
5). These analyses were completed at the U.S. Geologi-
cal Survey National Water-Quality Laboratory in Denver,
Colorado. Method 3 is an official USGS production
method (USGS laboratory schedule 1433). Samples were
extracted by vacuum through disposable SPE cartridges
that contain polystyrene-divinylbenzene resin. Sorbed
compounds were eluted with dicholoromethane-diethyl
ether. Compounds were measured by capillary-column
gas chromatography/mass spectrometry (GCMS). Addi-
tional details on this method are provided by Zaugg and
others (2002).

Analytical Method 4 (custom laboratory method
8033) analyzed for the same compounds as Analytical
Method 3. Water samples were extracted using continu-
ous liquid-liquid extraction (CLLE) with methylene
chloride at pH 2.0, and analyzed by GC/MS. Additional
details on this method are provided elsewhere (Brown
and others, 1999; Barber and others, 2000; Barnes and
others, 2002; Kolpin and others, 2002; Zaugg and others,
2004).

Analytical Method 5 analyzes for 20 sterols and
hormones (Barber and others, 2000; Barnes and others,
2002; Kolpin and others, 2002). These analyses were
completed at the U.S. Geological Survey Laboratory in
Boulder, Colorado. Extracts from Methods 3 and 4 were
derivatized to deactivate the hydroxyl and keto func-
tional groups and reanalyzed. The technique used in this
method is the formation of the trimethylsilyl ethers of
the hydroxyl groups and the oximes of the keto groups.
After derivatization, the samples were analyzed by
GC/MS.

Analyte identification for all methods had to meet
qualitative and quantitative criteria (Barnes and others,
2002; Kolpin and others, 2002). A positive identifica-
tion was based on elution within the expected retention
time. In addition, the sample spectra and ion abundance
ratio was required to match that of the reference stan-
dard analytes. After identification criteria were attained,
analyte concentrations were calculated using a 5-8-point
calibration curve (concentrations generally from 0.01
to 10.0 ug/L) using internal standard quantitation. The
base-peak ion was used for quantitation, and, if possible,
as many as two fragment qualifier ions were used for
ion abundance ratio confirmation. Calibration standards
are processed throughout the extraction procedure for
Method 2, which generally corrects concentrations for

method losses, but not for matrix effects. Methods 1,
3, 4 and 5 do not extract calibration standards; thus the
reported concentrations are not corrected for method
losses.

Method reporting levels (MRLs) were determined
for each analyte by a previously published procedure
(U.S. Environmental Protection Agency, 1992). Selected
analyte concentrations were flagged with an “E” to
indicate estimated values. These include all concentra-
tions above or below the calibration curve, concentra-
tions for analytes with average recoveries less than 60
percent, analytes routinely detected in laboratory blanks,
and constituents with reference standards prepared from
technical mixtures (Barnes and others, 2002; Kolpin and
others, 2002).

QUALITY ASSURANCE

Because some research methods used in this study
are newly developed and methods are not published,
a description of the data quality (including properties
of the measurement such as precision, bias, and detec-
tion limits) is included in this report. A quality-assur-
ance plan was established to evaluate laboratory and
field sampling techniques, to assess possible sources
of contamination, and to assure representative samples.
Laboratory quality-control samples were used to validate
analytical data. Field quality-assurance samples were
used to assess sample collection and processing.

Laboratory quality-control samples included labo-
ratory blanks, reagent spikes, and surrogates. At least
one fortified laboratory spike and at least one laboratory
blank was analyzed with each set of 10—16 field samples.
Laboratory reagent blanks were used to assess potential
sample contamination. Recoveries for compounds spiked
into reagent water, and surrogate compounds in field
samples indicate the general proficiency of the labora-
tory methods. Most methods had surrogate compounds
added to samples prior to extraction to monitor method
performance. Surrogates are chemicals that have similar
properties to the analytes of interest, but do not interfere
with quantitation of the compounds of interest. A sum-
mary of the laboratory spikes, reagent blanks, and sur-
rogates are included in this report (appendixes 2 and 3).

Among all the laboratory reagent blank samples
processed and analyzed 50 OWCs were detected (appen-
dix 2). There were few detections of OWCs in laboratory
blank samples in Methods 1 and 2 except acetamino-



phen (detected in 10 percent of the blanks) and caffeine
(detected in 20 percent of the blanks). There were 47
OWC:s detected for Methods 3 and 4 combined. One

or more of these compounds, including d-limonene,
isophorone, naphthalene, nonylphenol diethoxylate
(NP2EO), para-nonylphenol (NP), prometon, tetrachlo-
roethylene (TCE), and tributyl phosphate, were detected
in at least 30 percent of the laboratory reagent blanks.
Many of these OWCs were detected in laboratory blanks
at low concentrations that were below MRLs and below
concentrations detected in most field samples with the
exception of isophorone. In order to correct for labora-
tory blank contamination, environmental samples with
an OWC concentration less than 10 times the concen-
tration of an OWC in the corresponding set blank was
reported as a nondetection.

The average percent recoveries for laboratory
reagent spikes for Methods 1-4 were 72, 102, 75, and
82 percent, respectively. Acceptable recoveries for
these methods at the USGS Laboratories range from
60 to 120 percent. Most OWC recoveries were in the
range of 60—120 percent with the exception of diltiazem,
diphenhydramine, ibuprofen, and ranitidine (analyzed by
Method 1); ciprofloxacin and virginiamycin (analyzed
by Method 2); and 1,4-dichlorobenzene, 3-tert-butyl-4-
hydroxyanisole (BHA), cotinine, dichlorvos, d-limonene,
isopropyl benzene, NP, and TCE (analyzed by either
Method 3 or 4). Low laboratory spike recoveries for
these OWCs could indicate that there are false negatives
(error in not identifying an OWC that is actually present)
in an environmental sample. False negatives are more
likely than false positives (error in identifying a OWC
that is not present in a sample) as each USGS laboratory
(National-Water Quality, Ocala, and Boulder Labora-
tories) had stringent and conservative procedures for
qualitative identification of the compound. Low labora-
tory recoveries for these OWCs may indicate that the
frequency of detection is underestimated, and highlights
the need to continue to refine the analytical procedures
to obtain less variability, better recoveries, and lower
detections limits.

Average surrogate recoveries ranged from 27 to 171
percent (appendix 3). High and low surrogate recoveries
result from sample components that interfere with isola-
tion, detection, and quantification of the surrogate. Field
sample concentrations for those samples with low sur-
rogate recoveries may be underestimated, while samples
with high surrogate recoveries may be overestimated.
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Potential contamination of samples because of
collection and sample processing was assessed with
field-blank samples. Two types of blank samples were
collected: field blanks and office blanks. Field blanks
were prepared at the selected site prior to, or following,
a scheduled field sample. Office blanks were processed
in the laboratory at the USGS Minnesota District field
office. In both cases, blank samples were prepared by
processing HPLC grade organic-free water (Baker Ana-
lyzed, J.T. Baker Co.) through the same equipment used
to collect and process field samples. A total of 13 blanks
were submitted for Method 1, 9 blanks for Method 2, 14
blanks for Method 3 and 4, and 7 blanks for Method 5,
and generally analyzed for all OWCs (appendix 4).

Most OWCs were detected infrequently in field
blank samples, were at estimated concentrations below
the MRL, and were below field sample concentrations
verifying the general effectiveness of sampling protocols
used for this study. Nine of the 114 OWCs analyzed for
in this study were detected in the field blank samples
(appendix 4). Cholesterol (Method 5) was the most fre-
quently detected OWC in field blank samples followed
by phenol (Methods 3 and 4), and caffeine (Method 1).
Phenol concentrations exceeded MRLs and some field
sample concentrations. The frequency of detections and
high concentrations at or exceeding the MRL for phenol
may indicate a contamination source in field sampling
procedures or demonstrates the ubiquitous nature of this
compound. Environmental samples were not corrected
for field blank contamination as there were no instances
where the OWCs detected in field or office blanks
coincided with the occurrence of the same OWC in an
environmental sample during a similar time frame.

Field replicate samples were collected to determine
variability of detections and concentrations result-
ing from sample and laboratory processing techniques
(sample splitting, filtration, and transport). Replicate
samples consist of a split of the field sample so the field
and replicate samples should be nearly equal in com-
position. Samples were submitted for 5 replicates for
Method 1, 7 replicates for Method 2, 9 replicates for
Methods 3 and 4, and 4 replicates for Method 5 (appen-
dix 4). Most were duplicate samples and one was a
triplicate. Replicate samples were collected at locations
where few OWC detections were expected (DWFs) and
where OWC detections were expected (WWTP effluent,
stream sites downstream of WWTP effluent, and feedlot
lagoons). By collecting replicates at both ends of this
spectrum the detection consistency and the variability in
concentrations was evaluated. The detection consistency
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was evaluated by determining the number of replicates
that had consistent detections (and nondetections) of
selected OWCs. Concentrations of detected compounds
were compared by calculating a relative standard devia-
tion (RSD) for each compound.

There was a wide range in RSDs (from 0 to 101.1
percent) among all OWCs and all replicates (appendix
4). The average RSD (11.2 percent) for all OWCs and
all replicates is low considering the new research meth-
ods utilized in this study. Replicate samples from three
DWFs were appropriate primarily for comparison of
OWC detection consistency, but limited for concentra-
tion comparisons, as there were 12 OWC detections in
the field and corresponding replicate samples, and a high
percentage of the data were below the MRL. Detection
and nondetection consistencies were confirmed for most
OWCs in DWF samples.

Replicate samples for WWTP effluent, streams
directly downstream from effluent, and feedlot lagoon
samples had more OWC detections, and were useful
for both determinations of detection consistency and
concentration comparisons. Detection consistency was
confirmed for most comparisons. The average RSD for
OWGCs in wastewater replicate samples was 11.3 percent,
and RSDs were less than 20 percent for most OWCs.
Cholesterol (Methods 3, 4, and 5), diazinon, 3-beta-
coprostanol (Methods 3, 4, and 5), 3-methyl-1H-indole
(skatol), and phenol had the greatest average RSDs. For
most comparisons; however, field and replicate concen-
trations were within an order of magnitude, and were
within the laboratory analytical error associated with
these compounds. For example, 3-beta-coprostanol con-
centrations analyzed by Method 3 in field and replicate
samples from Site 3 on March 28, 2001 (0.59 and 0.38
ug/L respectively) had a RSD of 30.1 percent. While this
RSD is greater than the accepted standard of 10 percent,
these two concentrations are low, and the difference in
concentration is within laboratory analytical error.

OWCs measured by more than one analytical
method described in this report also were used to evalu-
ate the results for this study. Three types of comparisons
were made. The first was a comparison of 34 samples
using Methods 3 and 4. This was important as field
samples were analyzed by a combination of these two
methods. The second comparison was for six compounds
analyzed for more than one of the methods listed in this
report (3-beta-coprostanol, caffeine, cholesterol, coti-
nine, sulfamethoxazole, and trimethoprim). The third
comparison was a limited investigation of bromoform

concentrations between Method 3 and a USGS produc-
tion method (USGS laboratory schedule 1307) (Connor
and others, 1998).

Methods 3 and 4 were used to analyze for HIAs
in 34 samples. A comparison was made between these
two methods to determine if data from the two methods
could be combined. The two methods were compared
graphically (fig. 3), and in terms of detection consis-
tency. Concentrations of all compounds (except bromo-
form) from each method were plotted against each other
and a linear regression line was prepared. Bromoform
concentrations were not included because subsequent
investigation indicated they may be overestimated by
both methods. This line provides a representation of how
the two methods compare, but does not provide informa-
tion about specific OWCs as there generally were too
few detections per OWC to prepare a regression line for
each.

Among the 34 samples analyzed, 54 OWCs were
detected. Detection and nondetection consistencies were
confirmed for greater than 90 percent of the compari-
sons. Selected OWCs (d-limonene, isophorone, and
phenol) were detected more frequently in Method 3
than Method 4. Concentrations of most OWCs were
consistently greater for Method 3 than for Method 4
based on the visual inspection and regression analyses
(fig. 3). The concentration differences; however, did not
vary substantially between Methods 3 and 4, and gener-
ally were within one order of magnitude and within the
laboratory analytical error for selected OWCs for most
comparisons. This pattern holds true for WWTPs and
landfill leachate samples with relatively greater concen-
trations, and for more dilute DWF samples.

There is reasonable agreement between Methods
3 and 4 indicating that data from both methods can be
compared for this discussion of OWC presence and
distribution. There were some inconsistencies that were
biased to a certain method (d-limonene, isophorone,
and phenol). d-Limonene, isophorone, and phenol are
expected to have greater detection frequencies in Method
3 than Method 4; therefore, they were removed from
further comparisons among sites and site classifications.

Caffeine, cotinine, trimethoprim, sulfamethoxazole,
cholesterol, and 3-beta-coprostanol were analyzed by
more than one method described in this report. Coti-
nine and caffeine were analyzed by Methods 1, 3, and
4; sulfamethoxazole and trimethoprim were analyzed by
Methods 1 and 2; and cholesterol and 3-beta-coprosta-
nol were analyzed by Methods 3, 4, and 5. There were
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Figure 3. Comparison of results from U.S. Geological Survey analytical Methods 3 and 4 for selected organic wastewater compounds
with the exception of bromoform. [Regression line (solid line) was prepared using detections only.]

different laboratory-method reporting limits (MRLs) priate for detection of bromoform based on spike recov-
among the methods. For example, the MRL for cotinine  erjes (average of 71 percent) for 132 laboratory reagent
was 0.023 ug/L for Method 1, and 1.0 ug/L for Meth- spikes analyzed at the USGS NWQL for a separate

ods 3 and 4 (table 7). The detection frequency is not study, and bromoform has a unique mass spectrum with
expected to be similar among methods with different little possibility of analytical interference (Steve Zaugg,
MRLs. The frequency of detection was greater in those U.S. Geological Survey, oral commun., 2004). The
methods with lower detection limits as expected. For recoveries for spike samples analyzed with the environ-
example, cotinine was detected in 23 samples analyzed mental samples during this study also were in the same

by Method 1 and in 3 samples by methods 3 or 4 (table  range (appendix 2). Sample processing for Methods 3
7). Only 2 of the 23 samples analyzed by Method 1 had  and 4, however, does not include a preservation step that
cotinine concentrations that were great enough to be is intended to stop the formation of bromoform in the
detected in Methods 3 or 4, which equates to a detection  sample bottle. It is possible; therefore, that bromoform
consistency of 90 percent. The detection consistency of  could form in the sample bottle after sample collection
the remaining OWCs was confirmed in 99 percent of the  and prior to sample analyses. This may result in an over

determinations for cholesterol and 3-beta-coprostanol; estimation of bromoform concentrations in samples in
85 percent for trimethoprim; 80 percent for caffeine; and  comparison to a sampling methodology that includes
50 percent for sulfamethoxazole. preservation.

Methods 3 and 4 target a wide variety of OWCs that A limited sampling was completed to determine if
serve as indicators of multiple types of wastewater. One  bromoform concentrations from Methods 3 and 4 were
of those OWCs, bromoform, is a regulated trihalometh-  similar to concentrations from sample processing and
ane, and is a byproduct of drinking water or wastewater analytical techniques that include a preservation step
disinfection that is formed when chlorine reacts with (USGS laboratory schedule 1307 for volatile organic

organic matter and bromide. Methods 3 and 4 are appro- compounds) (Connor and others, 1998). One finished
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Table 7. Basic summary statistics for 91 organic wastewater compounds among all environmental samples analyzed, Minnesota, 2000-
02

[d-limonene, isophorone, and phenol were removed from this table because the combination of methods 3 and 4 were not appropriate for these compounds. Car-
bamazepine, diphenhydramine, and the sterols and hormones analyzed by method 5 (with the exception of cholestrerol, and 3-beta-coprostanol) are not included
because they were not analyzed at all sites. Caffeine, cotinine, sulfamethoxazole, trimethoprim, 3-beta-coprostanol, and cholesterol were analyzed by more than
one method. --, not applicable; ug/L, micrograms per liter].

Analytical Organic wastewater compounds Method Minimum Maximum  Number of Frequency
method reporting concentra- concentration  detec-  of detection
limit tion (pg/L) tions (percent)
(pg/L) (pg/L)
Pharmaceuticals
1 1,7-dimethylxanthine 0.018 0.008 3.29 15 11.5
1 Acetaminophen 0.009 0.004 16 20 153
1 Caffeine 0.014 0.0003 14 33 25.2
34 Caffeine 0.5 0.041 0.47 19 13.9
1 Codeine 0.024 0.007 0.203 9 6.9
1 Cotinine 0.023 0.0025 1.2 23 17.6
34 Cotinine 1.0 0.14 0.22 3 22
1 Dehydronifedipine 0.01 0.001 0.012 6 4.6
1 Diltiazem 0.012 0.005 0.146 9 6.9
1 Gemfibrozil 0.015 - -- 0 0
1 Ibuprofen 0.018 0.12 0.71 4 3.1
1 Ranitidine 0.01 0.0082 0.446 5 3.8
1 Salbutamol 0.029 0.002 0.006 2 1.5
1 Warfarin 0.001 - - 0 0
Antibiotics
2 Carbadox 0.05-0.10 - -- 0 0
2 Chlorotetracycline 0.02-0.10 0.11 0.52 2 1.5
2 Ciprofloxacin 0.01 0.01 0.01 2 1.5
2 Doxycycline 0.05-0.1 - -- 0 0
2 Enrofloxacin 0.01-0.02 - -- 0 0
2 Erythromycin-H,O 0.02-0.05 0.02 0.57 14 10.8
2 Lincomycin 0.01-0.05 0.01 0.37 3 23
2 Norfloxacin 0.01-0.02 - -- 0 0
2 Oxytetracycline 0.05 - -- 0 0
2 Roxithromycin 0.01-0.03 -- -- 0 0
2 Sarafloxacin 0.01-0.02 -- - 0 0
2 Sulfadimethoxine 0.01-0.05 - 0.11 1 0.8
2 Sulfamerazine 0.02-0.05 - -- 0 0
2 Sulfamethazine 0.01-0.05 0.07 0.16 2 1.5
2 Sulfamethizole 0.05-0.1 - 0.07 1 0.8
1 Sulfamethoxazole 0.023 0.0039 0.342 14 10.7
2 Sulfamethoxazole 0.05-0.1 0.02 0.5 6 3.8
2 Sulfathiazole 0.05-0.1 0.05 1 0.8
2 Tetracycline 0.02-0.05 0.07 0.3 2 1.5
1 Trimethoprim 0.014 0.001 5.58 15 11.5
2 Trimethoprim 0.01-0.03 0.06 0.15 4 2.1
2 Tylosin 0.02-0.05 - -- 0 0
2 Virginiamycin 0.1 - -- 0 0
Household, industrial, and agricultural use-compounds
34 1,4-dichlorobenzene 0.5 0.12 7.5 10 7.5
34 1-methylnaphthalene 0.5 0.076 1.9 7 52
3,4 2,6-dimethylnaphthalene 0.5 0.091 1.1 6 4.5
3.4 2-methylnaphthalene 0.5 0.077 2 8 6.0
34 3-methyl-1H-indole (skatol) 1.0 0.013 27 18 13.5
34 3-tert-butyl-4-hydroxyanisole (BHA) 5.0 2.1 5.1 2 1.5
34 4-cumylphenol 1.0 0.6 1.2 3 22
3.4 4-normal-octylphenol 1.0 0.12 1.6 3 22
34 4-tert-octylphenol 1.0 0.18 2.8 6 45
3,4 5-methyl-1H-benzotriazole 2.0 0.45 24 10 7.5
3,4 Acetophenone 0.5 0.21 29 7 5.2
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Table 7. Basic summary statistics for 91 organic wastewater compounds among all environmental samples analyzed, Minnesota, 2000-

02——Continued

[d-limonene, isophorone, and phenol were removed from this table because the combination of methods 3 and 4 were not appropriate for these compounds. Car-
bamazepine, diphenhydramine, and the sterols and hormones analyzed by method 5 (with the exception of cholestrerol, and 3-beta-coprostanol) are not included
because they were not analyzed at all sites. Caffeine, cotinine, sulfamethoxazole, trimethoprim, 3-beta-coprostanol, and cholesterol were analyzed by more than
one method. --, not applicable; ug/L, micrograms per liter].

Analytical Organic Method Minimum Maximum Number of Frequency
method wastewater compound reporting concentra- concentration  detec- of detection
limit tion (ng/L) tions (percent)
(ng/L) (ng/L)
3.4 Acetyl-hexamethyl-tetrahydro-naphthalene (AHTN) 0.5 0.059 53 25 18.7
3,4 Anthracene 0.5 0.044 0.33 4 3.0
3,4 Anthraquinone 0.5 0.056 0.81 15 11.2
34 Benzo[a]pyrene 0.5 - 0.051 1 0.7
3.4 Benzophenone 0.5 0.056 6.2 19 14.2
34 Bisphenol-A 1.0 0.084 26 24 17.9
34 Bromacil 0.5 0.02 1.4 6 4.5
3,4 Bromoform 0.5 0.13 74 31 22.4
34 Camphor 0.5 0.14 98 7 5.2
3,4 Carbaryl 1 - -- 0 0
34 Carbazole 0.5 0.031 0.72 6 4.5
34 Chlorpyrifos 0.5 - -- 0 0
34 Diazinon 0.5 0.025 0.083 5 3.7
3,4 Dichlorvos 1.0 - - 0 0
3,4 Fluoranthene 0.5 0.057 0.32 9 6.6
3.4 Hexahydrohexamethyl-cyclopentabenzopyran (HHCB) 0.5 0.049 1.5 13 9.7
34 Indole 0.5 0.012 1.4 8 6.0
3,4 Isoborneol 0.5 1.2 44 2 1.5
34 Isopropylbenzene (cumene) 0.5 0.056 22 5 3.7
3,4 Isoquinoline 0.5 - - 0 0
34 Menthol 0.5 0.071 96 9 6.7
34 Metalaxyl 0.5 -- - 0 0
34 Methyl salicylate 0.5 0.013 3.2 6 4.5
34 Metolachlor 0.5 0.008 1.3 49 35.8
34 N,N-diethyl-meta-toluamide (DEET) 0.5 0.027 47 32 23.9
34 Naphthalene 0.5 0.093 10 8 6.0
34 Nonylphenol diethoxylate (NP2EO) 5.0 0.52 42 12 9.0
3,4 Octylphenol diethoxylate (OP2EO) 1.0 0.81 8.4 2 1.5
34 Otylphenol monoethoxylate (OP1EO) 1.0 0.4 7 3 22
34 para-cresol 1.0 0.049 1000 13 9.7
34 para-nonylphenol (NP) 5.0 0.76 56 15 11.2
3,4 Pentachlorophenol 2.0 0.018 0.62 14 10.4
3,4 Phenanthrene 0.5 0.04 0.38 5 3.7
3,4 Prometon 0.5 0.26 2 2 1.5
34 Pyrene 0.5 0.04 0.082 7 5.2
3,4 Tetrachloroethylene 0.5 0.055 17 10 7.5
34 Tri(2-butoxyethyl)phosphate 0.5 0.11 53 20 17.2
34 Tri(2-chloroethyl)phosphate 0.5 0.053 9.2 27 20.1
34 Tri(dichlorisopropyl)phosphate 0.5 0.053 2.5 20 14.9
3.4 Tributyl phosphate 0.5 0.058 13 18 13.4
34 Triclosan 1.0 0.088 43 10 8.2
34 Triethyl citrate (ethyl-citrate) 0.5 0.076 2.9 16 11.9
3,4 Triphenyl phosphate 0.5 0.051 0.24 14 10.4
Sterols and Hormones
3,4 3-beta-coprostanol 2.0 0.32 81 18 134
5 3-beta-coprostanol 0.005 0.001 2.607 18 13.4
3,4 beta-sitosterol 2.0 0.55 36 26 19.4
3,4 beta-stigmastanol 2.0 0.79 5.7 8 6.0
3,4 Cholesterol 2.0 0.48 130 35 26.1
5 Cholesterol 0.005 0.004 3.35 82 92.0




18 Presence and distribution of organic wastewater compounds in wastewater, surface, ground and drinking water

water sample from Site 65 was split into three samples.
One sample was filtered and analyzed for Method 3
using the methodology described in this report, one
sample was filtered, acidified with ascorbic acid, and
analyzed using Method 3; and the remaining sample
was not filtered, was acidified with ascorbic acid, and
analyzed with the USGS laboratory schedule 1307

for volatile organic compounds. The results from this
limited comparison show that bromoform concentra-
tions reported for the filtered, unacidified, Method 3
samples, were approximately 100 times greater than
those reported for either the acidified Method 3 sample
or the schedule 1307 sample. Bromoform concentra-
tions reported for Methods 3 and 4; therefore, may be
overestimated in some samples (particularly wastewater
effluent and finished drinking water samples) based on
this limited comparison.

DATA EVALUATION

Evaluation of data includes several procedures to
ensure consistent comparisons among samples. Although
previously described, these procedures are consolidated
and discussed in this section for clarity. Field sample
concentrations for OWCs analyzed by Methods 1, 3, and
4 that were less than 10 times the concentrations in the
corresponding laboratory reagent blanks were censored
(reported as less than the MRL) to ensure that environ-
mental concentrations did not reflect laboratory contami-
nation. Data from Methods 2 and 5 were quality assured
in the laboratory and censored prior to distribution. A
large proportion of the OWC concentrations are reported
as estimated values. Each laboratory had stringent and
conservative procedures for qualitative identification of
the compounds; therefore, all OWC detections (esti-
mated and non estimated) were used in the analyses in
this report. There is less certainty in the OWC con-
centrations generated by research methods because the
analyses are in development and there are not enough
quality-assurance data in some cases to determine con-
centrations within acceptable confidence limits.

Evaluation showed that detection consistency
between Methods 3 and 4 generally were similar for
most of the OWCs (with the exceptions of d-limonene,
isophorone, and phenol); therefore, samples analyzed
by both methods were combined for comparison. In the
case where a sample was analyzed by both methods,
Method 3 data were used. d-Limonene, isophorone, and
phenol were not used for any comparisons because their

detection frequency differed between Methods 3 and 4,
and; therefore, could produce inconsistent results among
samples.

Carbamazepine and diphenhydramine (Method 1),
and the sterols and hormones (Method 5) were not used
for comparisons because they were not analyzed at all
sites. One laboratory method was selected for OWCs
analyzed for more than one method. Trimethoprim,
sulfamethoxazole, caffeine, and cotinine analyzed by
Method 1; and cholesterol and 3-beta-coprostanol ana-
lyzed by Methods 3 and 4 were used.

In summary, USGS laboratories analyzed 114
OWCGs for this study. Three HIAs (d-limonene, isopho-
rone, and phenol), 2 pharmaceuticals (carbamazepine
and diphenhydramine), and 18 sterols and hormones ana-
lyzed using Method 5 were removed from comparisons
among sites or site classifications. This results in a total
of 91 OWCs that are used for comparisons among sites
and site classifications in the remainder of this report.

HYDROLOGIC SETTING AND BASIC
WATER-QUALITY PARAMETERS

Differences in the hydrologic conditions and basic
water-quality parameters among sites may contribute
to the presence of OWCs and their fate and transport.
A more focused study would be required to determine
how these factors would influence OWC detections and
concentrations.

Sampling occurred during four periods representing
a variety of hydrologic conditions. Two of the sampling
periods were during fall and winter baseflow when
ground water was the primary source of water to the
streams sampled. The remaining two sampling periods
were during spring snowmelt and summer storm runoff
when surface runoff was the primary source of water to
streams sampled. During this reconnaissance study, no
attempt was made to collect samples at the same place
on the streamflow hydrograph (rising limb, peak flow,
declining limb), which may influence detections and
concentrations.

Basic water-quality parameters of specific conduc-
tance, pH, water temperature, and dissolved oxygen
varied by site and period sampled. These parameters
vary diurnally and seasonally due to weather, ground-
water interactions, and internal factors such as microbial
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and algal production. Differences in basic water-quality
parameters among sites provide useful information about
factors that could contribute to differences in presence
and distribution of OWCs. For example, differences in
pH, temperature, and dissolved oxygen, may indicate
differences in microbial or algal productivity, which may
contribute to different rates of OWC metabolism.

PRESENCE AND DISTRIBUTION
OF ORGANIC WASTEWATER
COMPOUNDS AMONG ALL SITES

The 74 OWCs (49 HIAs, 10 pharmaceuticals, 11
antibiotics, and 4 sterols or hormones) detected during
this study (table 7) represent a wide variety of uses. Sam-
ples generally included a mixture of compounds (average
of 6 OWCs per sample) and 90 percent of the samples
had at least one OWC detected. The 10 most frequently
detected OWCs among all samples were metolachlor
(agricultural use-herbicide); cholesterol (sterol primarily
associated with animal fecal matter); caffeine (stimulant
in coffee, soft-drinks, and nonprescription medications),
N,N-diethyl-meta-toluamide (DEET) (topical insect
repellant); bromoform (by-product of waste- and drink-
ing-water disinfection); tri(2-chloroethyl)phosphate
(flame-retardant and plasticizer); beta-sitosterol (plant
sterol and a known endocrine disruptor); acetyl-hexa-
methyl-tetrahydro-naphthalene (AHTN) (synthetic
musk fragrance widely used in personal care products);
bisphenol-A (plastic component used in the manufacture
of polycarbonate resins and a known endocrine disrup-
tor); and cotinine (metabolite of nicotine). With respect
to individual classes of OWCs, caffeine, cotinine, and
acetaminophen, were the three most frequently detected
pharmaceuticals. Trimethoprim, an erythromycin
metabolite (erythromycin H,0), and sulfamethoxazole
were the most frequently detected antibiotics. Choles-
terol, beta-sitosterol , and 3-beta-coprostanol were the
most frequently detected sterols.

Concentrations of detected OWCs generally were
less than 3 ug/L. Nearly 75 percent of the detections had
estimated concentrations below MRLs. Concentrations
of 3-beta-coprostanol, acetophenone, BHA, bromoform,
caffeine, camphor, cholesterol, isoborneol, menthol, non-
ylphenol diethoxylate (NP2EO), octylphenol diethoxyl-
ate (OP2EQO), para-cresol, and para-nonylphenol (NP)
generally were above the MRL.

PRESENCE AND DISTRIBUTION
OF ORGANIC WASTEWATER
COMPOUNDS FOR SPECIFIC SITE
CLASSIFICATIONS

WASTEWATER

Domestic WWTP influent and effluent, landfill
leachate, and water underlying feedlot lagoons were
selected as potential wastewater sources for this study.

A total of 67 of the 91 OWCs were detected among
wastewater samples. Wastewater influent and effluent,
and landfill leachate had the greatest number of OWCs
detected and water underlying feedlot lagoons had the
least number detected. There were differences within site
classifications and temporal variability among different
sampling periods in terms of the number and the types of
OWC:s detected.

Wastewater Treatment Plants

WWTP samples were complex mixtures of OWCs
likely due to the diversity of incoming domestic and
industrial waste sources and treatment procedures.

Most of the OWCs analyzed (63 of the 91 OWCs) were
detected among all WWTP samples, averaging 27.1
OWC:s per sample. Compounds detected included: 44
HIAs, 9 pharmaceuticals, 6 antibiotics, and 4 sterols.
Among all WWTP samples, the untreated influent sam-
ple at Site 1 had the greatest number of OWCs detected,
and the total number of OWCs detected in WWTP efflu-
ent was greatest at Site 5 (fig. 4). The most frequently
detected OWCs in wastewater effluent samples included
AHTN, benzophenone, cholesterol, erythromycin H,0,
hexahydrohexamethyl-cyclopentabenzopyran (HHCB),
NP2EO, tri(2-chloroethyl)phosphate, tributyl phosphate,
tri(dichloroisopropyl)phosphate, and triethyl citrate.
The prevalence of these OWCs in WWTP effluent is
expected because they are widely used in products such
as fragrances, antibiotics, plasticizers, flame retardants,
and detergents, or are plant or animal sterols. Similar
types of OWCs in WWTP effluent have been reported by
Daughton and Ternes (1999), Barber and others (2000),
Kummerer (2001), Wilkison and others (2002), and
Buerge and others (2003).

The types of HIAs detected varied among WWTPs.
For example, the WWTP effluent sample from Site 5 had
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Figure 4. Organic wastewater compounds detected in wastewater treatment plant, landfill leachate, and feedlot waste lagoon samples,
Minnesota, 2000-02. [Site identification numbers can be found in table 1 and figures 1 an 2.]

greater detections of polyaromatic hydrocarbons (PAHs)
and nonionic detergent metabolites than other WWTPs.
In contrast, the number of pharmaceuticals and antibi-
otics detected were similar among all WWTP samples
with the exception of Site 2, where none were detected.
With the exception of Site 2, there were 5 pharmaceuti-
cals or antibiotics that were common to all WWTP efflu-
ent samples (caffeine, cotinine, diltiazem, erythromycin
H,0, and trimethoprim). Although acetaminophen,
ibuprofen, and ranitidine are nonprescription pharmaceu-
ticals and have high usage rates, they were not frequently
detected in WWTP effluent, potentially due to degrada-
tion during treatment (Stumpf and others 1996; Ternes,
1998) or absence in the influent to the WWTP.

There was temporal variability in the number of
OWOCs detected in samples collected from Sites 3 and
4, with approximately 50 percent of the OWCs detected
common to all sampling periods at any particular
WWTP. For example, the number of OWCs ranged from
31-34 at Site 3 during four sampling events, and ranged
from 19-25 at Site 4 during two sampling periods (fig.
4). Temporal changes in WWTP influent sources or
treatment techniques may be the reason for this.

Difference in the types of compounds detected
among WWTPs, and among multiple sampling periods
at one WWTP may be due to differences in influent
sources or treatment techniques. These spatial and tem-
poral differences emphasize the importance of routine
sampling to fully characterize the variability in chemical

composition of WWTP effluent. This variability was
likely not captured during this reconnaissance study.

Both the influent (Site 1) and effluent (Site 2) were
sampled from the East Grand Forks WWTP, allowing a
cursory investigation of OWC removal. The untreated
influent water at Site 1 had 41 OWCs. In contrast, the
treated water at Site 2 in the settling pond outflow (after
the 6- month settling/treatment period) had 5 OWC
detections. It was not possible to fully determine if treat-
ment techniques influenced the types and concentrations
of OWCs detected because of the 6-month settling/treat-
ment period. The difference between OWC detections
in influent and effluent water could be because many
OWC:s likely degraded during processing, partitioned
into the sediment and biota in the treatment pond, or
volatized.

There were 11 endocrine disrupting compounds
(EDCs) detected among WWTP samples including 4-
cumylphenol, 4-normal-octylphenol, 4-tert-octylphenol,
AHTN, beta-sitosterol, bisphenol-A, diazinon, NP2EO,
OPIEO, OP2EO, and NP. The number of EDCs
detected in WWTP effluent among all sampling periods
was greatest at Site 3 (9 EDCs) and Site 5 (9 EDCs).

Landfill Leachate

A total of 46 OWCs were detected among all three
landfill leachate samples averaging 33.7 OWCs per
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sample. OWCs detected included 35 HIAs, 4 pharma-
ceuticals (acetaminophen, caffeine, cotinine, ibupro-
fen), 3 antibiotics (chlorotetracycline, lincomycin, and
trimethoprim), and 4 sterols (3-beta-coprostanol, beta-
sitosterol, beta-stigmastanol, and cholesterol). The total
number of OWC detections in leachate was greatest at
Site 8, the industrial landfill (fig. 4).

A wide variety of OWCs were detected in landfill
leachate including PAHs, fragrances, plastic compo-
nents, flame retardants, and solvents. About one-half the
OWC:s detected among all landfill leachate samples were
common among all three leachate samples, and 1-meth-
ylnaphthalene, 2-methylnaphthalene, 2,6-dimethylnaph-
thalene, 4-fert-octylphenol, acetaminophen, acetophe-
none, benzophenone, bisphenol-A, caffeine, camphor,
cotinine, isopropyl benzene, naphthalene, DEET, para-
cresol, skatol, NP, tri(2-butoxyethyl)phosphate, tri(2-
chloroethyl)phosphate, tributyl phosphate, tri(dichloro
isopropyl)phosphate, and triethyl citrate were detected
in all landfill leachate samples. The high number and
variability in types of OWCs detected among landfill
sites is likely due to diversity of waste that was landfilled
and the spatial and temporal variability in waste types
throughout a landfill. The composition of a leachate
sample may depend on the day and the areas sampled.
The presence of pharmaceuticals in the industrial landfill
leachate was unexpected as domestic waste was not
accepted at that location. Leachate from Sites 6, 7, and
occasionally Site 8 is transferred to the Metropolitan
WWTP (Site 3) for treatment. The removal efficiency of
OWCs in WWTP is only documented for selected OWCs
(Stumpf and others, 1996).

The number of OWCs detected per landfill leachate
sample was similar to WWTP influent and effluent
samples (fig. 4). Generally, there were more PAHs
detected in landfill leachate than in other wastewater
samples. PAHs are formed during incomplete combus-
tion of organic materials such as coal, oil, and wood.
PAHs are lipophilic (bind to organic matter) and may be
prevalent in landfill leachate because there are relatively
greater inputs of PAHSs to landfills or slow degradation in
the anaerobic conditions in landfills.

There were 7 EDCs found in landfill leachate
samples: 4-cumylphenol, 4-tert-octylphenol, beta-sitos-
terol, BHA, bisphenol-A, OP1EO, and NP. The number
of EDCs detected varied from 4-7 among landfills, and
Site 8 (the industrial landfill) had the greatest number of
EDC:s detected.

Feedlot Lagoons

There were 11 OWCs (9 HIAs; 1 pharmaceutical
(diltazem); and 1 antibiotic (lincomycin)) detected in the
water underlying the two feedlot lagoons (Sites 9 and
10). The number of OWCs was similar between the two
sites (fig. 4). Bisphenol-A, skatol and NP were detected
at both sites. Camphor, indole, isopropyl benzene, para-
cresol, and triphenyl phosphate were unique to Site 9,
and diltiazem, lincomycin, and metolachlor were unique
to Site 10.

While the sources of these OWCs are unknown,
bisphenol-A, NP, and triphenyl phosphate could have
leached from the polyvinyl chloride (PVC) pipes or liner
in the feedlot lagoon drainage collection system. NP is
a component in cleaning agents that may also be used in
feedlot operations. Metolachlor (herbicide) could origi-
nate from surface runoff or atmospheric deposition into
lagoons and subsequent leaching through the drainage
collection system. The presence of lincomycin (antibi-
otic used for animal treatment), and indole and skatol
(chemicals produced by bacteria in animal intestines)
may be from the animal waste in the lagoon. The pres-
ence of diltazem (human antihypertensive medication),
isopropyl benzene (solvent) and para-cresol (disinfec-
tant) cannot be explained.

There were fewer OWCs and lower concentrations
in feedlot lagoon samples than other identified wastewa-
ter sources. It was not possible to determine if the OWCs
were removed as they passed through the compacted
clay lining of the waste lagoon, or were not initially
present in the lagoon. Each feedlot lagoon had two
EDCs detected (bisphenol-A and NP).

SURFACE WATER

There were 56 OWCs detected among all surface-
water samples (36 HIAs, 9 pharmaceuticals, 7 antibiot-
ics, and 4 sterols), averaging 6 OWCs per sample. In
descending order of detection frequency, the most fre-
quently detected OWCs among all surface-water samples
were metolachlor, caffeine, cholesterol, DEET, beta-
sitosterol, AHTN, and acetaminophen. The total number
of OWCs detected varied from O at the reference site at
Ek Lake in Voyageurs National Park (Site 15) to 28 at
Jewitt’s Creek near Litchfield (Site 21), which is located
downstream from a WWTP effluent discharge.
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Table 8. Number of organic-wastewater compounds detected at surface-water sites, Minnesota 2000-02

[OWC, organic wastewater compound; HIA, household, industrial, and agricultural use compounds; --, not analyzed; WWTP, wastewater treatment plant;
SW, sample taken from surface water site not directly influenced by WWTP discharge; SDW, sample taken from a surface water site directly downstream of a
WWTP discharge. Sites 23, 27, and 30 were analyzed for USGS laboratory Methods 3 and 4 only].

Site Site name Site Sample date Pharmaceutical Antibiotic HIA Total OWC
identifier classification (mm/dd/yy) detections detections detections detections
(fig. 1 0r 2)
Red River of the North Basin

11 Red River of the North above Fargo, N.Dak. SW 10/19/00 1 0 0 1

11 Red River of the North above Fargo, N.Dak. SW 04/11/01 1 0 7 8

11 Red River of the North above Fargo, N.Dak. SW 07/12/01 0 0 7 7

12 Red River of the North below Fargo, N.Dak. SDW 10/18/00 0 2 7 9

12 Red River of the North below Fargo, N.Dak. SDW 04/11/01 1 0 1 2

12 Red River of the North below Fargo, N.Dak. SDW 07/12/01 0 0 2 2

13 Red Lake River at State Hwy 2220 above SW 10/23/00 0 0 1 1
East Grand Forks

13 Red Lake River at State Hwy 220 above SW 04/12/01 0 0 1 1
East Grand Forks

13 Red Lake River at State Hwy 220 above SW 07/09/01 - 1 0 1
East Grand Forks

14 Red River of the North below WWTP at SDW 10/25/00 2 0 3 5
East Grand Forks

14 Red River of the North below WWTP at SDW 07/10/01 0 0 2 2
East Grand Forks

Rainy and Lake Superior Basins

15 Ek Lake near International Falls SW 09/20/01 0 0 0 0

16 Rainy River below International Falls SDW 09/05/01 1 0 3 4

17 Lake Superior in St. Louis Bay at Duluth SDW 09/05/01 4 0 9 13

Mississippi River Basin

18 Mississippi River above Sauk River near SW 10/17/00 0 0 2 2
Sauk Rapids

18 Mississippi River above Sauk River near SW 04/16/01 0 0 1 1
Sauk Rapids

18 Mississippi River above Sauk River near SW 06/27/01 0 0 0 0
Sauk Rapids

19 Sauk River near St. Cloud SW 10/16/00 2 0 5 7

19 Sauk River near St. Cloud SW 04/10/01 0 0 4 4

19 Sauk River near St. Cloud SW 04/27/01 - - 3 3

19 Sauk River near St. Cloud SW 06/26/01 0 0 1 1

20 Mississippi River above Clearwater River SW 10/17/00 2 0 0 2
near Clearwater

20 Mississippi River above Clearwater River SW 04/17/01 0 0 2 2
near Clearwater

20 Mississippi River above Clearwater River SW 06/26/01 0 0 1 1
near Clearwater

21 Jewitt’s Creek near Litchfield SDW 09/06/01 5 2 21 28

22 Crow River below State Hwy 101 at Dayton SW 10/11/00 3 1 3 7

22 Crow River below State Hwy 101 at Dayton SW 04/09/01 1 0 4 5

22 Crow River below State Hwy 101 at Dayton SW 06/21/01 0 0 1 1

23 Elm Creek near Champlin SW 04/27/01 - - 6 6

24 Mississippi River near Anoka SW 10/03/00 1 0 3 4

24 Mississippi River near Anoka SW 04/19/01 0 0 1 1

24 Mississippi River near Anoka SW 06/22/01 0 0 2 2

25 Vadnais Lake at Pumping Station in Vadnais SW 10/10/00 0 0 2 2

Heights
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Table 8. Number of organic-wastewater compounds detected at surface-water sites, Minnesota 2000-02—Continued
[OWC, organic wastewater compound; HIA, household, industrial, and agricultural use compounds; --, not analyzed; WWTP, wastewater treatment plant;

SW, sample taken from surface water site not directly influenced by WWTP discharge; SDW, sample taken from a surface water site directly downstream of a
WWTP discharge. Sites 23, 27, and 30 were analyzed for USGS laboratory Methods 3 and 4 only].”

Site Site name Site Sample date Pharmaceutical Antibiotic HIA Total OWC
identifier classification (mm/dd/yy) detections detections detections detections
(fig. 1 0r2)

25 Vadnais Lake at Pumping Station in Vadnais SW 04/20/01 1 0 0 1
Heights

25 Vadnais Lake at Pumping Station in Vadnais SW 06/19/01 0 0 0 0
Heights

26 Rice Creek at County Road 1 in Fridley SW 10/04/00 0 0 6 6

26 Rice Creek at County Road 1 in Fridley SW 04/06/01 3 0 2 5

26 Rice Creek at County Road 1 in Fridley SW 06/15/01 2 0 5 7

27 Shingle Creek at Queen Ave. in Minneapolis SW 05/02/01 - - 11 11

28 Redwood River below WWTP near Marshall SDW 09/10/01 2 2 2 6

29 Blue Earth River near Rapidan SW 10/12/00 0 0 2 2

30 Little Cobb River near Beauford SW 05/04/01 - - 3 3

31 Blue Earth River at County Road 90 near SW 04/03/01 1 0 2 3
Mankato

31 Blue Earth River at County Road 90 near SW 07/02/01 0 0 4 4
Mankato

32 Minnesota River at Mankato SDW 10/13/00 0 0 2 2

32 Minnesota River at Mankato SDW 04/04/01 1 0 3 4

32 Minnesota River at Mankato SDW 07/02/01 0 0 - 0

33 Mississippi River at Ninninger SDW 08/28/02 1 1 2 4

34 Mississippi River below Lock and Dam 2 at SDW 10/02/00 1 2 6 9
Hastings

34 Mississippi River below Lock and Dam 2 at SDW 04/19/01 1 0 1 2
Hastings

34 Mississippi River below Lock and Dam 2 at SDW 06/25/01 1 0 6 7
Hastings

35 St. Croix River below Stillwater SDW 09/18/01 1 0 0 1

36 Vermillion River below Empire WWTP near SDW 09/17/01 4 3 10 17
Empire

37 Bear Creek Tributary near Chester SW 08/27/02 0 1 2 3

38 South Fork Zumbro River at Rochester SW 11/05/02 6 2 11 19

39 South Fork Zumbro River near Rochester SDW 09/20/01 1 1 10 12

39 South Fork Zumbro River near Rochester SDW 11/04/02 9 3 12 24

40 South Fork Zumbro River below WWTP SDW 11/05/02 9 3 8 20

near Rochester

41 Cedar River below WWTP at Austin SDW 09/19/01 4 1 9 14
Des Moines River Basin
42 Okabena Creek near Worthington SDW 09/10/01 3 0 14 17
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The number and types of OWCs detected varied
among sites (table 8). The number of OWCs detected
and concentrations generally were greater in small
streams (average of 8.9 OWCs) located within 1 mile
downstream from WWTP effluent discharges (Sites 21,
28, 36, and 39-42) than at other surface-water sites (aver-
age of 3.6 OWCs) indicating that WWTP effluent may
be a source of OWCs to surface water. There also were a
greater number of OWCs detected at Site 17 in St. Louis
Bay of Lake Superior (similar number of detections
to small streams that are effluent dominated) near the
WWTP effluent discharge from Site 5. Large river sites
located downstream from WWTP effluent discharges
(Sites 12, 14, 16, and 32-35) generally had fewer OWCs
detected than small stream sites located downstream
from WWTP effluent discharges. The greater number
of OWCs in the small streams may be because effluent
comprised a greater proportion of stream flow than large
rivers.

OWC:s that were frequently detected in WWTP
effluent such as the animal sterol (3-beta-coprostanol),
fragrances (AHTN and HHCB), flame retardants and
plastic components (tri(2-butoxyethyl)phosphate, tri(2-
chloroethyl)phosphate, tributyl phosphate, and tri(dich
loroisopropyl)phosphate), and the pharmaceuticals or
antibiotics (caffeine, cotinine, erythromycin H,O, sulfa-
methoxazole, and trimethoprim) also were detected more
frequently in streams directly downstream than upstream
from WWTP effluent discharge. Some OWCs, such as
beta-sitosterol, cholesterol, metolachlor, DEET (topical
insect repellant), and skatol, were detected in streams
directly and not directly downstream from WWTP efflu-
ent discharge suggesting that these OWCs may persist
in streams from upstream WWTP sources or there may
be other sources of these OWCs in addition to WWTP
effluent. Cholesterol and beta-sitosterol are animal and
plant sterols whose sources could be aquatic or terrestrial
biota. Metolachlor (agricultural herbicide) is likely from
runoff or atmospheric deposition, and DEET may enter
streams directly through removal from treated skin dur-
ing swimming.

OWC types and number of detections varied tem-
porally at sites that were sampled more than once. For
example, there were 2, 7, and 9 OWCs detected at Site
34 over three sampling periods (table 8). These temporal
differences likely are influenced by upstream discharges,
surface runoff, streamflow, water temperature, chemical
characteristics, degradation rates, and biological metabo-
lism and uptake.

Selected OWCs were detected more frequently
during specific seasonal and hydrologic conditions. For
example, metolachlor was detected more frequently
during the spring or summer runoff periods (Sites 11,
12, 14, 18, 19, 20, 22, 24, 26, and 34), likely from runoff
from agricultural land use. DEET was detected more
frequently in fall or summer (Sites 11, 19, 24, 26, 31,
and 34) possibly indicating increased human use during
that period. beta-Sitosterol was more prevalent in the
fall (Sites 12, 22, 25, 26, 31, and 32), which may result
from senescing plants and algae or changes in the input
or discharges of sterols from WWTPs. While patterns in
detections were observed, this study did not fully char-
acterize the sources and variability in OWC detections
and concentrations due to limited temporal and spatial
sampling.

A longitudinal study of the Zumbro River near
Rochester (Sites 38-40) was useful for understanding the
presence and distribution of OWCs upstream and down-
stream from WWTP effluent discharges and their fate
in surface water. A series of sites, including upstream
from an incoming WWTP effluent discharge (Site 38),
the WWTP effluent (Site 4), 250 ft downstream from the
effluent discharge (Site 39), and one-mile downstream
from the effluent discharge (Site 40) were sampled. The
total number of OWCs detected was lowest at Site 38
(19 OWCs), greater at Site 39 (24 OWCs), and reduced
at Site 40 (20 OWCs). The relatively large number of
OWCGC:s detected upstream from WWTP effluent dis-
charge (Site 38) was unexpected and may indicate
upstream sources of OWCs in addition to WWTP
effluent. There were several OWCs not detected in the
WWTP effluent that were detected at Sites 39 and 40
(1,7-dimethylxanthine, acetaminophen, menthol, metola-
chlor, and salbutamol), and indicating potential sources
other than the WWTP effluent.

Small streams (Sites 23, 26, and 27) draining urban
land in the Minneapolis and St. Paul metropolitan area
had a relatively large number of OWC detections con-
sidering that no direct source of WWTP effluent enters
these streams directly upstream from the sampling loca-
tion. The number of OWCs detected was similar to some
stream sites located downstream from WWTP effluent
even though Sites 23 and 27 were only analyzed for
Methods 3 and 4, and; therefore, the number of OWCs
may have been greater if analyzed using all methods.
Potential sources of these OWCs in urban streams may
be from individual sewage treatment systems, acciden-
tal discharge from sewer lines, or direct inputs through
runoff or atmospheric deposition.
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OWC detection frequency from this study for
sites downstream from WWTPs compared closely to
results by Kolpin and others (2002) for 139 streams in
the United States located primarily downstream from
WWTPs. The frequency of detection for OWCs was
similar between the two studies with a few exceptions:
5-methyl-1H-benzotriazole, bisphenol-A, cholesterol,
DEET, diazinon, fluoranthene, naphthalene, NP2EO,
NP, pyrene, TCE, and triclosan, were more frequently
detected by Kolpin and others (2002). This comparison
indicates that there are similarities in the Minnesota
and National results for surface waters influenced by
wastewaters. The site types sampled, and analytical
procedures, however, heavily influenced OWC detection
frequencies. A more thorough analysis; therefore, would
be required to place Minnesota results in context with
National studies.

There were from one to five EDCs detected per
surface-water site. Among all sites seven EDCs (AHTN,
beta-sitosterol, bisphenol-A, diazinon, 4-normal-octyl-
phenol, NP, and NP2EO) were detected. Site 21 had the
greatest number and concentrations of EDCs among all
surface-water sites.

GROUND WATER

For all ground-water samples, 31 OWCs (28 HIAs,
1 pharmaceutical (caffeine), and 2 antibiotics (sulfa-

methoxazole, and sulfamethazine)) were detected with
an average of 3 OWCs detected per sample. There were
few OWCs detected in the individual wells (0-5 OWCs)
except those wells (Sites 51 and 52) underlying a waste
dump (8 and 21 OWCs, respectively) (fig. 5).

The types of OWCs detected differed among sites.
Components in sunscreen or topical linement products,
fragrances, plasticizers, and pesticides were detected in
municipal supply well (Site 43) samples (table 9). A
total of 5 OWCs were detected at Site 43 and OWCs
were detected twice during four samplings. The rela-
tively greater number of OWCs detected at Site 43 in the
March 2001 is unusual compared to the other sampling
periods where none or one OWC was detected.

Three OWCs were detected in the mixed urban
industrial/residential/commercial wells (Sites 44-
47). Among those detected were industrial com-
pounds such as solvents (TCE), nonionic-detergent
metabolites (NP2EO) and flame retardants (tri(2-
chloroethyl)phosphate). TCE concentrations at Site 47
(17 ug/L) exceeded the MCL of 5 ug/L. and the HAL of
10 ug/L. Only two compounds; the antibiotic (sulfa-
methoxazole) and DEET, were detected in wells located
in urban residential-unsewered areas (Sites 48-50).

A wide variety of OWCs were detected in ground-
water samples underlying a waste dump (Sites 51 and
52). OWCs detected include: caffeine, insect repellants,
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Figure 5. Organic wastewater compounds deteced in ground-water samples, Minnesota, 2000-02. [Site identification numbers can bhe

found in table 1 and figures 1 an 2.]
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Table 9. Organic wastewater compounds detected at Moorhead Drinking Water Facility and surface- and ground-water sites used as
sources of drinking water

[Site identifiers can be found in table 1 and figures 1 and 2; compounds that are underlined are either pharmaceuticals or antibiotics; shaded columns are drink-
ing-water facility intake or finished water.]

Seasonal and Source Waters Moorhead Drinking Water Facility at Moorhead, Minn
hydrologic Red River of the North Moorhead City Intake Water Finished Water
condition above Fargo, N. Dak. Well Number 9 (Site 54) (Site 55)
(Site 11) (Site 43)

Compounds October 19, 2000 October 18, 2000 October 18, 2000 October 18, 2000
detected in 1.7-dimethylxanthine none detected none detected bromoform
fall 2000
baseflow
Compounds not sampled January 23, 2001! January 23, 2001 January 23,2001
detected in benzophenone benzophenone, bisphe- bromoform, methyl
winter 2001 nol-A, cholesterol salicylate
baseflow
Compounds April 11,2001 April 11,2001" April 11,2001 April 11, 2001
detected in Acetyl-hexamethyl-tetrahy- Acetyl-hexamethyl- acetaminophen, penta- bromoform
spring 2001 dro-naphthalene(AHTN)), tetrahydro-naph- chlorophenol
runoff beta-sitosterol, beta-stig- thalene (AHTN),

mastanol, bisphenol-A, bisphenol-A, methyl

methyl salicylate, metola- salicylate, metolachlor

chlor, pentachlorophenol,

acetaminophen
Compounds July 12, 2001 July 11, 2001 July 11, 2001 July 11, 2001

detected in
summer 2001
storm runoff

Acetyl-hexamethyl-tetrahy-
dro-naphthalene (AHTN),
cholesterol, menthol,
metolachlor, N,N-diethyl-
meta-toluamide (DEET),
para-nonylphenol (NP),
triclosan

none detected

N,N-diethyl-meta-
toluamide (DEET),
metolachlor

Acetyl-hexamethyl-
tetrahydro-naph-
thalene (AHTN),
bromoform, para-
nonylphenol (NP)

"' Well not used as a source of drinking water on this date.

nonionic detergent metabolites, PAHs, and plastic com-
ponents. Six of the eight compounds detected at Site 51

were detected at Site 52, but there were a greater number

of OWCs and greater concentrations at Site 52 than Site
51. This may be explained by variability in the waste
material and differences in locations and depths of the
two wells. The dump is listed on the Minnesota Pollu-
tion Control Agency’s State Superfund list of priorities,
and various types of refuse were disposed at the site
(Minnesota Pollution Control Agency, 2001; Minnesota

Department of Health, 2003).

DRINKING WATER

There were relatively greater number of OWCs
detected from the well located in the feedlot (Site 53)

than most other ground-water sites with the exception of
Sites 51 and 52. An anticorrosive compound (5-methyl-
1H-benzotriazole), an ingredient in liniments (camphor),
a compound found in the intestines of animals (indole),
a disinfectant (para-cresol), and an antibiotic used for

animals (sulfamethazine) were detected in ground water
underlying the feedlot (Site 53).

While the types of OWCs generally reflected the
land use overlying monitoring wells, this study sampled
a small number of wells and therefore the variability of
specific OWCs in Minnesota ground-water resources is
unknown. There were four EDCs detected in ground-
water samples: AHTN (Site 43), bisphenol-A (Sites 43,
51, and 52), OP1EO (Site 51), and NP2EO (Site 47).

The intakes and finished water from six drinking
water facilities were sampled for this study (tables 9-14).
Within the Red River of the North Basin, Moorhead,
and East Grand Forks DWFs were sampled. Within the
Upper Mississippi River Basin, the St. Cloud, St. Paul,
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Table 10. Organic wastewater compounds detected at East Grand Forks Drinking Water Facility and surface water sites used as sources

of drinking water

[Site identifiers can be found in table 1 and figures 1 and 2; compounds that are underlined are either pharmaceuticals or antibiotics; shaded columns are drink-

ing-water facility intake or finished water.]

Seasonal and Selected Source Water

East Grand Forks Drinking Water Facility at East Grand Forks, Minn.

hydrologic condition

(Site 13)

Red Lake River at County Rd. 220
above East Grand Forks, Minn.

Intake Water Finished Water
(Site 56) (Site 57)

Compounds detected in fall 2000
baseflow

October 23, 2000
triphenyl phosphate

Compounds detected in
winter 2001 baseflow

not sampled

Compounds detected in spring April 12, 2001

2001 runoff 3-methyl-1H-indole
(skatol)
Compounds detected in July 9, 2001

summer 2001 storm runoff

sulfadimethoxine; sample
not analyzed by method 1

October 24, 2000
none detected

January 24, 2001

tributyl phosphate, triphe-
nyl phosphate

April 12, 2001

bromacil, 3-methyl-1H-in-
dole (skatol)

October 24, 2000
bromoform

January 24, 2001
bromoform, benzophenone,
methyl salicylate

April 12,2001
bromoform

no pharmacuticals or
antibiotics detected; sample
not analyzed by methods

3 and 4

July 10, 2001
bromoform

Minneapolis, and Mankato DWFs were sampled. Sur-
face and ground waters that serve as source waters for
selected DWFs also were sampled to provide informa-
tion regarding potential sources of OWCs that may be
drawn into facility intakes. Among the source waters for
the drinking water facilities, smaller streams tended to
have greater numbers of OWCs detected than large riv-
ers, lakes, or ground-water sources.

There were 26 OWCs detected in intake and 13
OWOCs detected in finished-water samples (tables 9-14).
In general, few OWCs (0-9 OWCs) were detected in
each intake and finished DWF water sample, averaging
2 OWCs per sample. Differences in OWC detections
among DWFs likely were due to differences in source
waters, treatment processes, and sample timing. Min-
neapolis DWF had the greatest number of OWCs (12
OWCs) detected in intake samples while the Mankato
DWEF had the greatest number of OWCs detected in
finished water samples (8 OWCs) during all sampling
periods.

A wide variety of OWCs were detected in either
intake or finished drinking water samples including:
anthraquinone, befa-sitosterol, bisphenol-A, bromacil,
caffeine, camphor, cholesterol, DEET, fluoranthene,
metolachlor, and tri(2-chloroethyl)phosphate. The ten
most frequently detected OWCs in drinking water facil-
ity intakes anthraquinone, beta-sitosterol, bisphenol-A,
bromacil, caffeine, cholesterol, DEET, fluoranthene,

metolachlor, and tri(2-chloroethyl)phosphate. Bromo-
form was detected in all finished DWF samples, as it

is a chlorination disinfectant byproduct. Other OWCs
that were detected in finished drinking water include
anthraquinone, carbazole, and metolachlor. Seven EDCs
were detected in DWF samples (AHTN, benzo[a]pyrene,
beta-sitosterol, bisphenol-A, diazinon, NP, and NP2EO).
EDCs generally were detected in intake samples, with
the exception of Mankato DWF where one EDC (beta-
sitosterol) was detected in finished water.

Inconsistencies in OWC detections between drink-
ing and source waters probably were the result of differ-
ences in sampling area, sampling timing, introduction or
removal of selected OWCs during treatment procedures,
or analytical imprecision. For example: (1) OWCs
detected in surface or ground water that are source
waters for DWFs were not always detected in DWF
intake waters, (2) OWCs detected in intake or finished
waters were not in the source waters, and (3) OWCs
detected in the intakes were not detected in finished
water.

Variability in OWC detections among intake and
source water samples could be due to differences in sam-
pling location. A width and depth integrated sample was
collected at all stream sites. These integrated samples are
representative of the entire stream, whereas the drinking
water intake sample generally is withdrawn from one
specific area of the stream. Therefore, OWCs located
in water near one bank of the stream, but not near the
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Table 11. Organic wastewater compounds detected at St. Cloud Drinking Water Facility and surface water sites used as sources of
drinking water.

[Site identifiers can be found in table 1 and figures 1 and 2; compounds that are underlined are either pharmaceuticals or antibiotics; shaded columns are drink-
ing-water facility intake or finished water.]

Seasonal and hydrologic Selected Source Waters St. Cloud Drinking Water Facility at St. Cloud, Minn.

condition Mississippi River ahove  Sauk River near St. Cloud, Intake Water Finished Water
Sauk River near Sauk Minn. (Site 58) (Site 59)
Rapids, Minn (Site 19)
(Site 18)
Compounds detected in October 17, 20002- October 16, 20001 October 16, 2000 October 16, 2000
fall 2000 baseflow methylnaphthlene, methylnaphthalene, none detected bromoform

naphthalene, di-
phenhydramine

2-methylnaph-
thalene, choles-
terol, naphthalene,
N,N-diethyl-meta-
toluamide (DEET),
caffeine, 1,7-di-
methylxanthine

not sampled January 22, 2001
3-beta-coprostanol,
bisphenol-A, cho-
lesterol, nonylphe-
nol diethoxylate
(NP2EO), triethylci-
trate (ethyl citrate),
beta-stigmastanol

April 16, 2001

January 22, 2001
bromoform

Compounds detected in
winter 2001 baseflow

not sampled

Compounds detected in April 16, 2001 April 10, 2001 April 16, 2001

spring 2001 runoff metolachlor beta-sitosterol, metolachlor bromoform, meto-
metolachlor, lachlor
pentachlorophenol,
3-methyl-1H-indole
(skatol)

April 27,2001
bisphenol-A, cho-
lesterol, metola-
chlor; pharmaceuti-
cals and antibiotics
not analyzed

Compounds detected
in summer 2001 storm

June 27, 2001
none detected

June 26, 2001
metolachlor

June 27, 2001
none detected

June 27, 2001
bromoform

runoff

other, would be detected in the stream sample, but not in
the drinking water intake sample. Differences in OWC
detections between the intake samples and ground water
that served as source water may be due to differences

in travel time of the ground water to the plant. Another
potential factor contributing to these differences may be
laboratory imprecision, as most OWCs were detected
near their respective MRLs.

This study was designed to characterize the presence
and distribution of OWCs in drinking and source waters.
The time-of-travel from the sampling site to the drinking

water DWF would be necessary to quantify inputs from
source waters or removal rates during treatment.

COMPARISON AMONG SITE
CLASSIFICATIONS

Among all site classifications, few OWCs were
detected in the intake or finished water samples from
DWFs. WWTP influent and effluent, and landfill
leachate had the greatest average number of OWCs
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Table 12. Organic wastewater compounds detected at St. Paul Drinking Water Facility and surface water sites used as sources of drink-

ing water

[Site identifiers can be found in table 1 and figures 1 and 2; compounds that are underlined are either pharmaceuticals or antibiotics; shaded columns are drink-
ing-water facility intake or finished water.]

Seasonal and hydro-
logic condition

Selected Source Waters

St. Paul Drinking Water Facility at
Maplewood, Minn.

Crow River below
State Hwy. 101 at
Dayton, Minn.
(Site 22)

Mississippi River
near Anoka, Minn.
(Site 24)

Vadnais Lake at
Pumping Station in
Vadnais Heights,
Minn (Site 25)

Intake Water
(Site 60)

Finished Water
(Site 61)

Compounds detected
in fall 2000 baseflow

Compounds de-
tected in winter 2001
baseflow

Compounds detected
in spring 2001 runoff

Compounds detected
in summer 2001
storm runoff

October 11, 2000
1.7-dimethylxan-
thine, acetamino-
phen, beta-sitosterol,
caffeine, cholesterol,
sulfamethoxazole,
tri(dichlorisopropyl)p
hosphate

not sampled

April 9, 2001
acetaminophen,
indole, pentachlo-
rophenol, 3-methyl-
1H-indole (skatol),
metolachlor

June 21, 2001
metolachlor

October 3, 2000
tri(2-butoxyethyl)
phosphate, fluor-
anthene, pyrene,
caffeine,

not sampled

April 19, 2001
metolachlor

June 22, 2001
metolachlor, N,N-di-
ethyl-meta-toluamide
(DEET)

October 10, 2000
beta-sitosterol, cho-
lesterol

not sampled

April 20, 2001
cotinine

June 19, 2001
none detected

October 10, 2000
beta-sitosterol

January 17, 2001
anthraquinone,
carbazole, N,N-di-
ethyl-meta-toluamide
(DEET)

April 18, 2001
anthraquinone,

erythromycin- Hig,
fluoranthene

June 19, 2001
none detected

October 10, 2000
bromoform

January 17, 2001
anthraquinone, bro-
moform, carbazole,
N,N-diethyl-meta-
toluamide (DEET)
April 19, 2001
bromoform

June 19, 2001
bromoform

detected (table 15). This same pattern also was observed
for selected general use categories (antibiotics, phar-
maceuticals, fragrances and flavors, nonionic detergent
metabolites, pesticides, and EDCs). The greater num-
ber and diversity of OWCs in these site classifications

water through adsorption, degradation, or transport. The
greater number of OWCs in ground water underlying
the waste dump reflects the diversity of waste that was
deposited at this particular site.

reflects the diversity of waste that is treated and/or stored
at WWTP or landfill facilities. The average number of
OWC:s and the average number of OWCs in selected
general use categories (except PAHs) were greater in
surface water downstream than upstream from WWTP
effluent discharge indicating that WWTP effluent may
be a source of OWCs to streams.

More OWCs were detected in surface water than
ground water, with the exceptions of ground water
underlying the waste dump or underlying feedlots.
This may be due to more potential sources of OWCs
to surface water compared to ground water sampled
in this study or more rapid loss of OWCs from ground

Selected OWCs were more prevalent in particular
site classifications. Antibiotic and pharmaceutical detec-
tions were rare, but were greatest at WWTP influent and
effluent, landfill leachate, and surface water downstream
from WWTPs. Antibiotics also were detected in ground
water underlying a feedlot. PAHs were prevalent in the
WWTP influent, landfill leachate, and ground water
underlying the waste dump. EDCs were most commonly
detected in landfill leachate, and WWTP influent and
effluent.

These comparisons among site classifications are an
attempt to understand the potential sources and pres-
ence of OWCs in Minnesota surface and ground water.
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Table 13. Organic wastewater compounds detected at Minneapolis Drinking Water Facility and surface water sites used as sources of
drinking water.

[Site identifiers can be found in table 1 and figures 1 and 2; compounds that are underlined are either pharmaceuticals or antibiotics; shaded columns are drink-
ing-water facility intake or finished water.]

Seasonal and hydrologic Selected Source Waters

condition

Minneapolis Drinking Water Facility at Columbia
Heights, Minn.

Mississippi River near Intake Water(Site 62) Finished Water(Site 63)

Anoka, Minn(Site 24).

Rice Creek at County
Road 1 in Fridley,
Minn.(Site 26)

October 3, 2000

tri(2-
butoxyethyl)phosphate,
fluoranthene, pyrene,
caffeine

October 4, 2000
Acetyl-hexamethyl-tet-
rahydro-naphthalene
(AHTN), beta-sitosterol,
cholesterol, fluoranthene,
N,N-diethyl-meta-tolua-
mide (DEET), pyrene

Compounds detected in
fall 2000 baseflow

October 4, 2000
bisphenol-A, beta-sitos-
terol, cholesterol

October 4, 2000
bromoform

Compounds detected in
winter 2001 baseflow

not sampled not sampled January 16, 2001
anthraquinone, tri(2-

chloroethyl)phosphate

January 16, 2001
anthraquinone, bromo-
form, tri(2-chloroethyl)
phosphate

April 18, 2001
bromoform, metolachlor

Compounds detected in
spring 2001 runoff

April 19, 2001
metolachlor

April 6, 2001
acetaminophen, caffeine,
cotinine, pentachlor-
phenol, 3-methyl-1H-
indole(skatol)

June 15, 2001

April 18, 2001
metolachlor

Compounds detected June 22, 2001 June 18, 2001 June 18, 2001

in summer 2001 storm
runoff

metolachlor, N,N-diethyl-
meta-toluamide (DEET)

bromacil, caffeine,
cholesterol, cotinine,
diazinon, metolachlor,
N,N-diethyl-meta-tolua-
mide (DEET)

benzo[a]pyrene, beta-si-
tosterol, bromacil, choles-
terol, caffeine, diazinon,
fluoranthene, metolachlor,
pyrene

bromoform

These results apply to this study only and are not meant
to be extrapolated to all sites that fit into the selected site
classifications. A random selection of a larger number
of sites in each classification and increased sampling
frequency may allow for confirmation of results from
this study.

IMPLICATIONS FOR WATER QUALITY
AND HUMAN AND AQUATIC HEALTH

This reconnaissance study indicates widespread
presence of OWCs in wastewater, surface, ground, and
drinking waters in Minnesota. The types of OWCs
detected indicate a variety of sources and pathways
to the environment including domestic and industrial
disposal into WWTPs and landfills and subsequent
discharge of treated effluent to surface waters, runoff
from land surfaces, infiltration into ground water, direct

disposal into surface water, and atmospheric deposition.
Results of this study indicate that WWTP effluent is a
major pathway of OWCs to surface waters and that land-
fill leachate from selected facilities is a potential source
of OWCs to some WWTPs. Numerous pathways for
these chemicals to enter the environment exist; however,
and it was not possible to determine the relative contri-
butions of various sources during this reconnaissance
study.

The comparisons among site classifications only
apply to sites sampled in this study. Some OWCs are
likely removed through WWTP treatment processes and
degradation in landfills although the efficiency at which
they do so varies considerably (Stumpf and others,
1996). The presence of OWCs in surface water indicates
that some OWCs are not removed through treatment
processes or have additional sources other than treated
wastewater. In general, there was insufficient temporal
sampling to thoroughly understand the variability in
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Table 14. Organic wastewater compounds detected at Mankato Drinking Water Facility and surface water sites used as sources of

drinking water

[Site identifiers can be found in table 1 and figures 1 and 2; compounds that are underlined are either pharmaceuticals or antibiotics; shaded columns are drink-
ing-water facility intake or finished water.]

Seasonal and hydrologic

condition

Selected Source Waters'

Mankato Water Drinking Water Facility at Mankato,
Minn.

Blue Earth River near
Rapidan, Minn.
(Site 29)

Blue Earth River at Co.
Road 90 near Mankato,
Minn.

(Site 31)

Intake Water
(Site 64)

Finished Water
(Site 65)

Compounds detected in
fall 2000 baseflow

Compounds detected in
winter 2001 baseflow

Compounds detected in
spring 2001 runoff

Compounds detected
in summer 2001 storm
runoff

October 12, 2000
beta-sitosterol, metola-
chlor

not sampled

not sampled

not sampled

not sampled

not sampled

April 3, 2001
acetaminophen, metola-
chlor, 3-methyl-1H-indole
(skatol)

July 2, 2001
cholesterol, triphenyl
phosphate, metolachlor,
N,N-diethyl-meta-tolua-

October 12, 2000
metolachlor

January 18, 2001
metolachlor, tri(2-
chloroethyl)phosphate

April 4, 2001
metolachlor

June 28, 2001
bromacil, caffeine, tetra-
chloroethylene

October 12, 2000
bromoform, metolachlor

January 18, 2001
anthraquinone, bro-
moform, carbazole,
fluoranthene, meto-
lachlor, pyrene, tri(2-
chloroethyl)phosphate

April 4, 2001
beta-sitosterol, bromo-
form, metolachlor

June 28, 2001
bromoform, metolachlor

mide (DEET)

' Ranney wells adjacent to the Blue Earth and Minnesota Rivers are used for source water for the Mankato Drinking Water Facility. The two surface water
sites (Sites 29 and 31) were sampled because there was evidence that the ground-water quality at the depth of the Ranney wells would be similar to the overlying

surface water.

OWC presence and distribution particularly with respect
to ground water. The limited temporal sampling that
was completed indicates high variability in OWC occur-
rence in WWTP effluent, as well as surface and drink-
ing waters. This variability suggests that exposure to
aquatic organisms or humans of OWCs measured in this
study would be constantly in flux depending upon OWC
use, disposal methods, treatment methods, and physical,
chemical and biological processes.

Little information is readily available concerning
the toxicity of many of the OWCs because few aquatic
or human health standards, or criteria exist for the
OWCGC:s analyzed. Only one U.S. Environmental Pro-
tection Agency Maximum Contaminant Level (MCL)
was exceeded for tetrachloroethylene at a shallow well
located in mixed urban land use; however, the MCL
is only applicable, in this case, as a point of reference
as this well is not used for drinking water supply. The
state of Minnesota has stream water-quality standards
for a small number of the OWCs measured (anthracene,

bromoform, chlorpyrifos, fluoranthene, naphthalene,
pentachlorophenol, phenanthrene, phenol, and tetra-
chloroethylene) and no sample concentrations exceeded
those values. Results of this reconnaissance study may
help regulators, who set water-quality health standards,
begin to prioritize which OWCs to focus upon for given

categories of water use.

While little toxicity information is available,
selected OWCs detected in this study are known EDCs
with respect to fish endocrine systems (Purdom and
others, 1994; Jobling and Sumpter, 1993; Folmar and
others, 1996; Goodbred and others, 1997; Lee and oth-
ers, 2000). Thirteen EDCs were detected which include:
BHA, 4-cumylphenol, 4-normal-octylphenol, 4-tert-
octylphenol, AHTN, benzo[a]pyrene, beta-sitosterol,
bisphenol-A, NP2EO, OP2EO, OP1EO, and NP.



Presence and distribution of organic wastewater compounds in wastewater, surface, ground and drinking water

32

*1 x1puaddy u1 paisi are  19y10,, 1039180 9SN-[RISUAT SB PAIJISSR[d spunodwod 10jemalsem dIuesIQ ,

"K1aAnoadsar -¢ pue ‘g ‘| spoyaw Aq pazATeue so[dures (S L€ Pue ‘g¢ ‘g 21om 1y [, ‘poylaw A1ojeroqe] Aq AY3Ifs pariea pazAreue sojdwres jo requinN

0 0 0 €0 0 0 0 0 0 €0 L0 € MSNNOMD
€0 €0 0 0 0 €0 0 €0 0 0 80 14 INMD
0] 0 0 €0 0 0 €0 €0 0 0 el ¥ MAMD
10 01 0 70 1o 0 0 1o 0 0 6’1 e oMa
€0 0 70 90 0 0 0 €0 1’0 0 0¢ e ma
70 o 90 01 €0 1o 70 €0 L0 o 9°¢ LETE MS

0 01 0 0 0 0 07c 0 0 01 0s 1 LTAMD
07¢ S0 0 0] 0 01 0C Sl 0] S0 S9 [4 OVTId
01 €0 Cl 't 0 €0 0l 81 €T 60 68 €C MAS
! 0 0 S1 0¢ 0 ! Sy 0 0 Syl 4 amd
8¢ 8'C v 4 80 1'C 6C Y 9¢ 9C I'LC 8 JHMM
0¢ 07¢ 07¢ L'e LS 0¢ (% €9 €e L1 Lee € HOTAT
(1% 0c (187 0c 08 0¢ 08 (17 0°¢ 0C 01y 1 MM

(9) (L8)
sjuepixo (1) ajdwes Jad
(#1) -lue pue (6) (L) sjuepiejal pajaalap
spunodwod  ‘sjuanjos suoq sajijoqejaw (6) auie|j pues (z1) spunodwoa
Bundnisip ‘sjue}oa} (#) (z1) -1eaospiy juabiiayap sionepjpue  -juauodwos  sjeannas (12) jo Jaquinu pazhjeue uon
auuoopuy -uisig s|j012)g sapionsad onewosedjod owoluopy  sasueibely anseld -ewueyd sanoiqnuy afiesany sajduwes -mo:_m.mm_o
. Salobajeo asn esaual pajoajas 10} ajdwes 1ad pajaajap spunodwod 1ajemalsem aruehio jo Jaquinu abelsany jo 1aquinp alg

‘[107em SurULIp paysIuTy

‘OMd ‘sayeIur 1ojem SunfuLIp ‘T I0[pa9) & Surk[opun 1ojem punoid ‘I TIMD ‘dunp o)sem e SUIA[Iopun 19jem punois ‘gD ‘PIoMasun ST Jey) BaIL [ENUIPISAI Ueqin SUIAIOpUN 1ojem punoid ‘ASNNMD
£9SN pue[ [RINSNPUI/[EIOISWIO,/[ENUIPISaI/ueqIn SUIA[1opun 1o1em punoisd ‘TN 0 A1ddns 1ojem Sunyurip fediorunu 10y pasn Iojem punois MAAD 2STeydsIp juan(yje juefd JusuIean 1ojema)seM WOIJ Weans
~UMOP J9JBM BJINS ‘M (S 1oIeM 0BJINS ‘A S ‘U0OTE[ J0[Pad) & SUIA[IOpUN I9jem ‘OV T T ‘9IBYord] [[ypue] ‘HD T.IT “uenpyye jueld juswiean 1sjemalsem “JM A Suanfyur jueld juswean 1ajemalsem STIAMM ]

1 poylewt Aq pazAteue aurwespAyuaydip pue surdozewreqred 10 4-¢ spoylow Aq pozAeue

Touayd 10 ‘uoroydost ‘suauow[-p ‘G poyrow £q pazATeUR S[0I)S O SOUOULIOY IPN[OUT JOU Op J[qe) SIY) J0J pazA[eue spunodwod Jo Jquinu Ay, "SILI0FILd IYIO JO JAsqns & ST uwnjod punoduwrod Sundnisip
suroopud dy [, (1 x1puaddy ur Joyjo, se pozrio3o)ed 9soy}) UMOYS dIe SOLI0FIed asn [eIoua3 [[e Jou asneddq (M SNNMD Pue [N MD 1doox9) sorio3o)es asn [erouas 10d soSeIoA. [enpIAIpUI JO WNS ) JOU SI
UONBIIISSBD IS AQ Pa)o)ap spunodwiod Jo Joquinu 93eIoAL AU ], 'PAZIIBWINS dIoMm JeY) 1059180 asn [exouas Je[nonied e ur spunodwiod 1ojema)sem JIUESIO JO JoqUINU Y} SAJedIpul sasayjuared ur requinu oy,

20-000€ ‘e10S3UUI ‘sasse|d aus Buowe sallobalea asn [eiauab palos|as 10j sansiels Alewwns gL ajqer



SUMMARY AND CONCLUSIONS

This report provides the results of a cooperative
study of the Minnesota Department of Health, Minne-
sota Pollution Control Agency, and the U.S. Geological
Survey to determine the presence and distribution of
91 organic wastewater compounds (OWCs) at 65 sites
in Minnesota during October 2000 through November
2002. Sites included wastewater (wastewater treatment
plant influent and effluent, leachate from landfills, and
water underlying feedlot lagoons); surface water; ground
water (sewered and unsewered mixed urban land use, a
waste dump, and feedlots); and the intake and finished
drinking water from drinking-water facilities. OWCs
are newly recognized classes of compounds that include
household, industrial, and agricultural-use compounds
(HIAs), pharmaceuticals, antibiotics, and sterols and hor-
mones, which are characterized by high usage rates, have
potential health effects, and are continuously released
into the environment through human activities.

Results of this study illustrate the ubiquitous
distribution of these compounds in the environment.
There were 74 OWCs (49 household, industrial, and
agricultural use compounds, 10 pharmaceuticals, 11
antibiotics, and 4 sterols or hormones) detected that
represent a wide variety of uses and sources. Samples
generally were comprised of a mixture of compounds
(average of 6 OWCs) and 90 percent of the samples
had at least one OWC detected. Average concentra-
tions for detected OWCs generally were less than 3
micrograms per liter. The most frequently detected
OWCs among all samples were metolachlor, cholesterol,
caffeine, N,N-diethyl-meta-toluamide, bromoform,
tri(2-chloroethyl)phosphate, beta-sitosterol, acetyl-
hexamethyl-tetrahydro-naphthalene, bisphenol-A, and
cotinine.

The greatest number and diversity of OWCs was
found in wastewater influent and effluent, and landfill
leachate (averages of 41, 27.1, and 33.7 respectively)
compared to other site classifications. The most com-
mon OWCs detected in wastewater effluent samples
included widely used fragrances, plasticizers, flame
retardants, nonionic detergent surfactants, and plant and
animal sterols. The most commonly detected OWCs
in landfill leachate samples were polyaromatic hydro-
carbons, fragrances, plasticizers, flame retardants, and
solvents.

Wastewater treatment plants (WWTPs) and landfills
receive diverse waste sources from the communities

Summary and conclusions 3

they serve. There is likely OWC removal through treat-
ment processes in WWTPs and degradation in landfills
although the efficiency at which this occurs is not well
understood and likely varies. This study showed dif-
ferences in the types and numbers of OWCs detected
among WWTPs and among time periods within one
WWTP. These differences may be the result of varying
sources of influent and treatment techniques. There was
variability in types of OWCs detected among landfill
sites, which is likely due to diversity of waste that was
landfilled, and the spatial and temporal variability in
waste type throughout a landfill.

The variety and number of OWCs detected in
streams and lakes in this study indicate that there are
numerous pathways for OWCs to enter surface water.

A wide variety of OWCs (56 OWCs) were detected
among all surface-water samples with an average of 6
OWC:s per sample. Metolachlor, caffeine, cholesterol,
N,N-diethyl-meta-toluamide (DEET), beta-sitosterol,
acetyl-hexamethyl-tetrahydro-naphthalene (AHTN), and
acetaminophen were the most frequently detected OWCs
among all surface-water samples. The number of OWCs
detected and concentrations generally were greater in
small streams (average of 8.9 OWCs), located within 1
mile downstream of WWTP effluent discharges than at
other surface-water sites (average of 3.6 OWCs) indicat-
ing that WWTP effluent is a likely source of OWCs to
selected surface waters. Small streams draining urban
land use in the Minneapolis and St. Paul metropolitan
area had a relatively high number of OWC detections
considering that no direct source of WWTP effluent
enters these streams directly upstream of the sampling
location. Potential sources of these OWCs in urban
streams may be individual sewage treatment systems,
accidental discharge from sewer lines, or direct inputs
through runoff or atmospheric deposition.

The types of OWCs detected at stream sites indi-
cate diverse sources to streams. The animal sterol
(3-beta-coprostanol), fragrances (AHTN and HHCB),
flame retardants and plastic components (tri(2-
butoxyethyl)phosphate, (tri(2-chloroethyl)phosphate,
tributyl phosphate, and tri(dichloroisopropyl)phosphate
)), and the pharmaceuticals (caffeine, cotinine, erythro-
mycin H O, and trimethoprim) also were detected more
frequently in streams directly downstream than upstream
from WWTP effluent discharge. In contrast, beta-sitos-
terol, metolachlor, N,N-diethyl-meta-toluamide, and 3-
methyl-1H-indole were detected in streams both directly
and not directly downstream from WWTP effluent
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discharge suggesting there may be other sources of these
OWCGC:s in addition to WWTP effluent.

In general, more OWCs were detected in surface
water than in ground water. Among all ground-water
samples, 31 OWCs were detected, and an average of 3
OWCs were detected per sample. There were few OWCs
detected in the individual wells (0-4 OWCs) except those
wells located in the waste dump site (8-21 OWCs), and a
well located in a feedlot (5 OWCs).

Few OWCs were detected (0-9 detected per sample
with an average of 2 per sample) at the six drinking
water facilities sampled during this study. Among all
facilities, 26 OWCs were detected in intake and 13
OWC:s were detected in finished-water samples. The
most frequently detected OWCs in drinking water facil-
ity intakes were anthraquinone, beta-sitosterol, bisphe-
nol-A, bromacil, caffeine, cholesterol, DEET, fluoran-
thene, metolachlor, and tri(2-chloroethyl)phosphate.
Bromoform was detected in all finished drinking water
samples, as it is a disinfectant byproduct. Other OWCs
that were detected in finished drinking water include
anthraquinone, carbazole, and metolachlor.

OWCGC:s in the source waters for each drinking-water
facility may be taken in for processing and may be pres-
ent in the intake or finished water samples. A variety of
OWCG:s including fragrances, plasticizers, pharmaceuti-
cals, pesticides, nonionic detergent metabolites, sterols,
and disinfectants were detected in the source waters.
Among the source waters for the drinking-water facili-
ties, smaller streams tended to have greater numbers of
OWCs detected than large rivers, lakes, or ground-water
sources. The greater number of OWCs detected in small
streams may be due to greater potential sources or rela-
tively less dilution than larger rivers.

Inconsistencies exist between the OWCs detected
in drinking and source waters. For example: (1) OWCs
detected in surface or ground water that are source
waters for drinking-water facilities were not always
detected in the intake waters, (2) OWCs detected in
intake or finished waters were not in the source waters,
and (3) OWCs detected in the intakes were not detected
in finished water. These inconsistencies probably are a
result of differences in sampling area, timing of sam-
pling, introduction or removal of selected OWCs during
treatment procedures, or analytical imprecision.

This reconnaissance study indicates widespread
presence of OWCs in wastewater, surface, ground, and
drinking waters in Minnesota. Aquatic organism or

human exposure to the OWCs would likely be in con-
stant flux depending upon OWC use, disposal methods,
treatment methods, and physical, chemical, and biologi-
cal processes. Although exposure to OWCs is pos-
sible, concentrations generally are low and few aquatic
or human health standards, or aquatic criteria exist for
the OWCs analyzed. The risks of OWCs to humans or
wildlife are not known, with the exception of selected
OWDCs detected in this study, that are known endocrine
disrupters, and have been found to disrupt or influence
endocrine function in fish. Results of this reconnaissance
study, may help regulators who set water quality health
standards, begin to prioritize which OWCs to focus upon
for given categories of water use.
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Appendix 3. Quality assurance summary for laboratory surrogate compounds in samples analyzed with field samples, Minnesota, 2000-
02

[value in parentheses is for method 4]

Method Surrogate compound Average percent recovery Relative standard deviation

Method 1 Caffeine C, 100 14
Ethyl nicotinate d, 73 33

Methods 3 and 4 Decafluorobiphenyl 84 (27) 48 (48)
Caffeine C, 93 (40) 77 (28)
Flouoranthene - d | 92 (32) 77 (31)
Bisphenol-A - d, 73 (56) 71 (57)

Method 5 17-beta-estradiol d, 134 64
Testosterone d, 141 37

Cholesterol d7 171 51
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Appendix 4. Quality assurance summary of field replicates and blanks, Minnesota, 2000-02

[Only those O ey research methods,

and Method 3 is an official U.S. Geolgoical Survey production method. There were 5 replicates and 13 blanks analyzed by USGS method 1; 7 replicates and 9
blanks analyzed by USGS

ug/L, micrograms per liter; -- not applicable; Relative Standard Deviation calculated using replicates with detections in both samples].

Analytical Organic wastewater com- Field replicate sample summary Field blank sample sum-
Method pound Relative standard deviations Number of replicate pairs with: mary
Minimum Average Maximum Detec- Nonde- Incon- Number  Concentra-

tions tec-tions  sistent of blanks tion range in
in both inboth detections witha  blanks (pg/L)
samples samples between detection

samples
Pharmacuticals

1 1,7-dimethylxanthine 52 8.8 12.5 2 2 1

1 Caffeine 3.0 11.1 24.7 3 2 0 4 0.0023-0.0084

3,4 Caffeine 23 7.1 17.1 4 5 0

1 Carbamazepine 0.9 6.8 16.5 3 2 0

1 Codeine -- -- 10.1 1 3 1

1 Cotinine 5.2 10.9 20.8 3 1 1

3,4 Cotinine 19.4 19.8 20.2 3 6 0

1 Diltiazem 5.2 12.0 22.3 3 2 0

1 Diphenhydramine 8.4 14.7 24.7 4 1 0

1 Ranitidine -- -- 2.3 1 4 0

1 Trimethoprim 1.7 4.2 6.1 3 2 0

Antibiotics

2 Ciprofloxacin -- -- -- 0 6 1

2 Erythromycin-H,0 2.5 14.3 43.5 5 2 0

2 Sulfadimethoxine -- -- -- 0 6 1

2 Sulfamethizole -- -- 9.4 1 6 0

1 Sulfamethoxazole 4.2 10.7 17.1 2 3 0

2 Tetracycline -- -- -- 0 5 2

1 Trimethoprim 1.7 4.2 6.1 3 2 0

2 Trimethoprim 0.0 10.1 20.2 3 4 0

Household, industrial, and agricultural-use compounds

3,4 1,4-dichlorobenzene 0.0 6.0 10.9 5 4 0

3,4 3-methyl-1H-indole (skatol) 2.5 28.0 53.5 2 7 0 1 0.024

3,4 4-tert-octylphenol -- -- 74 1 7 1

3,4 5-methyl-1H-benzotriazole 2.2 6.3 12.4 5 4 0

3,4 Acetophenone -- -- 6.4 1 8 0

3,4 Acetyl-hexamethyl-tetrahydro- 3.5 8.6 18.0 6 3 0 1 0.24
naphthalene (AHTN)

3,4 Anthraquinone 0.0 8.5 16.6 4 4 1

3,4 Benzo[a]pyrene -- -- -- 0 8 1

3,4 Benzophenone 0.0 4.8 8.8 5 4 0

3,4 Bisphenol-A 43 10.5 18.6 4 4 1

3,4 Bromacil - - 0.0 1 8 0

3,4 Bromoform 0.0 6.0 21.8 7 2 0

3,4 Diazinon - - 8.0 1 6 2

3,4 Fluoranthene - - - 0 8 1

3,4 Hexahydrohexamethyl-cyclo- 0.0 4.5 11.5 6 3 0
pentabenzopyran (HHCB)

3,4 Indole - - 20.2 1 8 0

3,4 Isophorone - - - 0 7 2 1 0.11

3,4 Metolachlor 1.4 7.5 15.7 3 5 1

3,4 N,N-diethyl-meta-toluamide 4.6 5.1 5.7 3 5 1
(DEET)

3,4 Nonylphenol 4.0 7.7 18.4 5 4 0
diethoxylate(NP2EO)

3,4 Octylphenol, diethoxylate 8.3 9.8 11.2 2 6 1
(OP2EO)

3,4 para-cresol total 0.0 6.2 19.2 4 5 0

3,4 para-nonylphenol (NP) 6.0 8.6 11.2 2 7 0



Appendix 4. Quality assurance summary of field replicates and blanks, Minnesota, 2000-02—Continued
[Only those O ey research methods,
and Method 3 is an official U.S. Geolgoical Survey production method. There were 5 replicates and 13 blanks analyzed by USGS method 1; 7 replicates and 9
blanks analyzed by USGS
ug/L, micrograms per liter; -- not applicable; Relative Standard Deviation calculated using replicates with detections in both samples].
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Analytical Organic wastewater com- Field replicate sample summary Field blank sample sum-
Method pound Relative standard deviations Number of replicate pairs with: mary
Minimum Average Maximum Detec- Nonde- Incon- Number  Concentra-
tions tec-tions  sistent of blanks tion range in
in both inboth detections witha  blanks (pg/L)
samples samples between detection
samples
3,4 Pentachlorophenol 1.5 13.4 27.5 4 5 0
3,4 Phenol 1.1 26.2 61.2 6 3 0 5 0.36-1.9
3,4 Pyrene - - - 0 8 1
3,4 Tetrachloroethylene (TCE) 2.6 8.8 12.3 3 6 0
3,4 Tri(2-butoxyethyl)phosphate 53 5.9 7.1 4 5 0
3,4 Tri(2-chloroethyl)phosphate 1.2 33 6.1 6 3 0
3,4 Tributyl phosphate 4.8 7.0 9.4 5 4 0 1 0.093
3,4 Triclosan 4.5 8.6 19.0 4 5 0
3,4 Tri(dichlorisopropyl)phosphate 2.2 6.4 10.8 6 3 0
3,4 Triethyl citrate (ethyl citrate) 3.9 9.0 15.1 5 3 1
3,4 Triphenyl phosphate 0.8 4.7 8.5 2 6 1
Hormones and sterols

3,4 3-beta-coprostanol 15.7 40.6 99.8 3 4 2
5 3-beta-coprostanol 29.6 30.9 322 2 1 1 2 0.004-0.069
3,4 beta-sitosterol 2.5 9.1 15.7 2 4 3
3,4 beta-stigmastanol - - - 0 8 1
3,4 Cholesterol 5.4 37.0 101.1 3 0 6
5 Cholesterol 9.0 41.5 86.2 3 0 1 7 0.001-0.036
5 cis-androsterone -- -- -- 0 4 0 1 0.003
5 Stanalone -- -- 11.1 0 1 3
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