


U.S. Department of the Interior
U.S. Geological Survey

Reconnaissance Data for Glyphosate, Other
Selected Herbicides, Their Degradation Products,

and Antibiotics in 51 Streams in Nine Midwestern
States, 2002

By ELISABETH A. SCRIBNER, WILLIAM A. BATTAGLIN, JULIE E. DIETZE, and
E.M. THURMAN

Open-File Report 03-217

Prepared in cooperation with the
U.S. GEOLOGICAL SURVEY TOXIC SUBSTANCES
HYDROLOGY PROGRAM

Lawrence, Kansas
2003



CONTENTS

AADSITACE. ...ttt e et e e st va et et e sbe st e aee st eat e st ban s bea bt ek e nteueesa e s eabasteasant et e entsentestesaesaa b aatebenEebe et e s e bene e ebe st enenn 1
TIFOQUOTION vttt ettt ettt sttt s et b e st st e be et s s s s e e aes et eeebeaebeae s saesesebeaabe s bt ebs b e b bebe bt et sban b st sesis 1
PrevIOUS STUGIES.....c..oeereieeieieee ettt sttt e s eeebe e b et s et s b et b e e e see s e b et e ae s a e b e st s ek e atsare st she e b e bt 1
Changes in Herbicide Use SINCe 198 ..ottt ettt ettt sttt st st st saee e e e se et st s e e s ssasressanen 3
Herbicide Degradation ProQUCES..........cccoiiiiieciiiene ittt ce e v et eaaseses s aaetesr e st e e sean e e seamaentobe s e snesteeensens 4
ADIEIDIOTICS .ttt ee ettt st e ae e e ettt et st et et e b en e e sea e et et e e e 2 et e e aeeneeat bt sheas et s seat e st et et s at et s b entshe st 5
Purpose and SCOPE Of REPOTL......c..ccuriiiiiriiiiecirrcieiiet sttt ettt e ee e et ea e s e b abs st e aeabsbe st suare s 6
MEHNOAS ..ottt bbb e b Rt b et b ARtk a e b 6
Selection Of SAMPING SIES .. ....cocvicteririeierientertr et st cssest et e aete s st e seseesasbe e ese s seeseseeseseeenesbee e enessennanssenss 6
SAMPIE COLECHON. ... ceeereeeteeiteeeeieie et teees e e e e st e st esessesaeaesataassesessbeteessnssssnsnesssasasassessessesessenssssassssosssssessssnsssssssas 6
SAMPIE PLOCESSITE ... cuvieveaiieiiiiciisteie et e e stesteestaree s e eestese st essessastesbesesse s ertassasanssstessaseastsassenessesbanesbensenbensesensentns 6
Laboratory MELHOAS ....occovieiiiieiieicireciinte s et e see ettt eta b e st e obe e e abessbesaeste s e e e as et abesaeaeense e eaeeenesasreeanenerns 8
Gas Chromatography/Mass SPECIIOMELTY ... ..cc..euetrueutruereruirerieceertestesssaensseeeereessesesseesaeseeeenessensesssenssesseneses 8
Liquid Chromatography/Mass SPECIIOMELTY .....c.coveirrerierrirreerereeeerrereessssseessesaseseesesessesersensseressensenessersssessssons 12
ANALYHCAL RESUILS ......cutiiiieeieieteeietirietesietett e te st era e sassasessebas e be e s et sassesaebentasasssasessansseesesaasestnsesesensasaseasesensensesesensenerns 13
Streamflow and PhySical PTOPEITES ......ccc.couiviiiiiiiiiieccie ettt st ettt s e st et sens 13
Results of Laboratory Method Analysis Code GUS.........ooiiienriinerieniecieeesieeceentesseense e serestesasesse st s snessssssaes 13
Results of Laboratory Method Analysis Code LCAA.........ccorircrnriiicteiineee st sese st sressness b sesssessenes 14
Results of Laboratory Method Analysis Code LCEA ...ttt st et sasstenens 15
Results of Laboratory Method Analysis Code LCGY ...t sscecriessirce e sssns s snnes 15
Results of Laboratory Method Analysis Code LCAN.......cccoiiiniicricinient ettt st s bessaas 16
Quality-Control SAMPIES .......c.oviiiiiiieiiiiiircc ettt bbb st e as e 17
Duplicate Analysis of Selected HEerbiCides ........cciviaieeeiniiieeeieiertce st seire et e e cs e aee st a e ste e e e ese st e raseene 18
RETEIENCES CIEA ...ttt sttt ettt sttt asea e ae et e s s st e st sba e sean s e st se et e st b aasae e aensebemantesemteresesee s esereesensesens 18
Supplemental INfOrMAtION ......c.oovoiiiriiiiict ettt ettt ettt et bt et s e b st seeme et se e entshe st e e e s eaaenastens 21
FIGURES

1. Map showing location of study area, stream sampling sites, and associated drainage areas sampled during 2002 2
2. Graph showing herbicide use in Midwestern United States, 1990-2001 ......c.cooeorrririnineierrenereee e, 4

3. Chemical structure diagrams showing pathways for degradation of atrazine, cyanazine, propazine, and simazine
to deethylatrazine and deiSOPIOPYIAIrAZING .........cccivurvireeieririiireieret ettt ettt tse b et et et sesabesemesseassans 5

4-7. Graphs showing:

4. Number of detections for selected herbicides and degradation products determined by laboratory method

analysis code GCS for pre-emergence, post-emergence, and harvest-season runoff samples collected from

51 streams in nine Midwestern States, 2002 .......coouuiviiieiiiiieiie ittt cisireeieesrrareeeesesseteessssteresessssesnsessssssnsesesns 14
5. Number of detections for selected acetamide degradation products determined by laboratory method

analysis code LCAA for pre-emergence, post-emergence, and harvest-season runoff samples collected from

51 streams in nine Midwestern States, 2002 .........ccoccoririiiieneriine et cerrerene et e ere s 15
6. Number of detections for selected triazine and phenylurea herbicides and their degradation products

determined by laboratory method analysis code LCEA for pre-emergence, post-emergence, and harvest-

season runoff samples collected from 51 streams in nine Midwestern States, 2002.............cocvcvimicniinninnnnn. 16
7. Number of detections for glyphosate, its degradation product, AMPA, and glufosinate determined by

laboratory method analysis code LCGY for pre-emergence, post-emergence, and harvest-season runoff

samples collected from 51 streams in nine Midwestern States, 2002 ..........ccccoirinevrnnineinennieeeiesceeeeee 17

Contents It



TABLES

.

10.

11.

12.

Names, locations, and drainage areas for 51 stream sampling sites in nine Midwestern States, 2002 .................. 7
Chemical compounds, laboratory method analysis codes, USGS parameter codes, approved USGS method
numbers, and reporting limits determined for water samples collected from 51 streams in nine Midwestern

SHALES, 2002......ccomiiiiiii ettt e e e et e s mat R b a s bt ae b e Rt acaet 9
Streamflow and physical properties determined for water samples collected from 51 streams in nine

MiAWeStern StAtES, 2002........occiiieeieeeeieeceeeteete et et e e esbestesessseeesseesbeesessesseesese e sesssesteasesasessaassseesseeseerensaanns 22
Statistical summary of streamflow and physical properties determined for water samples collected from

51 streams in nine Midwestern States, 2002 ......ocooo it eeceeeteieieesteeetteaeeesssaseesssessseesstssnsesnsasssssesassesessann 29
Concentrations of selected herbicides and degradation products determined by laboratory method analysis

code GCS for water samples collected from 51 streams in nine Midwestern States, 2002 ..........cococecevveeenecanene. 30
Statistical summary of concentrations of selected herbicides and degradation products determined by laboratory
method analysis code GCS for water samples collected from 51 streams in nine Midwestern States, 2002........ 47
Concentrations of selected acetamide degradation products determined by laboratory method analysis

code LCAA for water samples collected from 51 streams in nine Midwestern States, 2002 ............cccoccverruernnnnnes 49
Statistical summary of concentrations of selected acetamide degradation products determined by laboratory
method analysis code LCAA for water samples collected from 51 streams in nine Midwestern States, 2002 ..... 67

Concentrations of selected triazine and phenylurea herbicides and their degradation products determined by
laboratory method analysis code LCEA for water samples collected from 51 streams in nine Midwestern

SEALES, 2002.... . oottt eee et et et e eete s e vt eeeeee e e e s esaeaas e tes saseeesaaet s san b e et enentessaaRbaaearnseareseaaaessensanennrresanes 69
Statistical summary of concentrations of selected triazine and phenylurea herbicides and their degradation
products determined by laboratory method analysis code LCEA for water samples collected from 51 streams

in nine Midwestern States, 2002.........oocueiieeeieieie i ereectee st eet e ere e e st eeesearnseestseseeessaesnbrastaestestaesbesatessesernarsnanres 93
Concentrations of glyphosate, its degradation product, AMPA, and glufosinate determined by laboratory
method analysis code LCGY for water samples collected from 51 streams in nine Midwestern States, 2002 ..... 95

Statistical summary of concentrations of glyphosate, its degradation product, AMPA, and glufosinate
determined by laboratory method analysis code LCGY for water samples collected from 51 streams in nine
MIAWESLEIT STALES, 2002 eeeeecieeeeeiitt ettt ee e eeeee s ees s e eteeesstesesaneasesssssseanee e saeesssaseestraessssarosrssensstssnsrsssssasonas 101

IV Reconnaissance Data For Glyphosate, Other Selected Herbicides, Their Degradation Products, and Antibiotics in 51 Streams in Nine Midwestern
States, 2002



CONVERSION FACTORS, MISCELLANEOUS ABBREVIATIONS, ABBREVIATED
WATER-QUALITY UNITS, AND DATUM

Conversion Factors

Multiply By To obtain
acre 4,047 square meter (m2)
cubic foot per second (ft3ls) 0.02832 cubic meter per second (m3/s)
pound (Ib) 453.6 gram (g)
pound per acre (Ib/acre) 1.121 kilogram per hectare (kg/ha)
square mile (miz) 2.590 square kilometer (kmz)

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by the equations:

9C = 5/9 (°F-32)
°F = 9/5 (°C)+32.

Miscellaneous Abbreviations

AMPA aminomethylphosphonic acid

C carbon

CAAT didealkylatrazine

CAC cyanazine acid

CAFO confined animal feedlot

CAM cyanazine amide

CEAT deisopropylatrazine

CIAT deethylatrazine

Cl chloride

DCAC deethylcyanazine acid

DCAM deethylcyanazine amide

DEC deethylcyanazine

DMFM demethylfluometuron

ESA ethanesulfonic acid

GC/MS gas chromatography/mass spectrometry

GCS laboratory method analysis code for U.S. Geological Survey method O-2132-99
LC liquid chromatograph

LCAA laboratory method analysis code for U.S. Geological Survey method O-2134-00
LCAN laboratory method analysis code for U.S. Geological Survey method for antibiotics
LCEA laboratory method analysis code for U.S. Geological Survey method O-2138-02
LCGY laboratory method analysis code for U.S. Geological Survey method O-2136-01
LC/MS liquid chromatography/mass spectrometry

MRL method reporting limit

MS mass spectrometer

N nitrogen

OEAT deisopropylhydroxyatrazine

OIAT deethylhydroxyatrazine

OXA oxanilic acid

SAA sulfonylacetic acid

SPE solid-phase extraction

USEPA U.S. Environmental Protection Agency

USGS U.S. Geological Survey

Abbreviated Water-Quality Units

micrograms per liter (ug/L)

micrometer (um)

microsiemen per centimeter at 25 degrees Celsius (uS/cm)
milliliter (mL)

millimeter (mm)

Datum

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
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effects and contribution of hydroxylated atrazine deg-
radation products, including hydroxyatrazine (OIET),
deethylhydroxyatrazine (OIAT), and deisopropylhy-
droxyatrazine (OEAT), to streams in northern Mis-
souri.

The acetamide herbicides (acetochlor, alachlor,
dimethenamid, flufenacet, metolachlor, and pro-
pachlor) degrade to their ethanesulfonic acid (ESA)
and oxanilic acid (OXA) degradation products in
water. In samples collected in 1998 from Midwestemn
streams after herbicides had been applied and follow-
ing the first precipitation that produced overland flow
(runoff), the median concentration of acetochlor ESA
and OXA, alachlor ESA, and metolachlor ESA
exceeded the median concentrations of the source her-
bicides (Battaglin and others, 2001).

Demethylation of the phenylurea herbicides is a
common degradation pathway that occurs in fluometu-
ron to its degradation product, demethylfluometuron
(DMFM) (Thurman and others, 2000). DMFM was
detected in two streams during this study.
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Glyphosate is a weak organic acid that consists of
glycine moiety and a phosphonomethyl moiety. The
primary degradation product of glyphosate is amino-
methylphosphonic acid (AMPA), whose chemical
structure is very similar to that of glyphosate. The
main pathway of degradation of glyphosate appears to
be by splitting the C-N bond to produce AMPA (World
Health Organization, 1998).

Antibiotics

Recent studies have documented that antibiotics
are present in selected United States streams (Kolpin
and others, 2002). Several of the antibiotics found are
those used in livestock production; however, the
primary transport mechanisms of antibiotics to
streams are not yet understood. Samples were col-
tected during runoff in Midwestern streams to identify
the dominant source of antibiotics in streams. If point
sources such as sewage treatment discharges or con-
fined animal feedlot (CAFO) discharges are the domi-
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Figure 3. Pathways for degradation of atrazine, cyanazine, propazine, and simazine to deethylatrazine and deisopropylatrazine

(Thurman and others, 1934).
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nant source, then concentrations should be much lower
during runoff than during lower flow conditions.
However, if nonpoint sources (such as manure applica-
tions to fields) are dominant, then concentrations
should be about the same or higher during runoff.
Because manure applications also take place during
the post-harvest period, fall and early winter storms
may be “flushing” events for antibiotics.

Purpose and Scope of Report

This report presents the analytical results from
154 samples collected during 2002 from 51 streams
in nine Midwestern States. Results are reported for
21 parent herbicides as follows: six acetamide com-
pounds, one dinitroaniline compound, glufosinate,
glyphosate, three phenylurea compounds, and nine tri-
azine compounds. Results for 27 degradation products
are reported as follows: 14 acetamide compounds,
1 glyphosate compound, 1 phenylurea compound, and
11 triazine compounds. Also, included are five classes
of antibiotics, including three degradation products.
This report also describes the selection of sampling
sites, sample-collection and processing methods, labo-
ratory methods, and quality-assurance procedures.

METHODS

Selection of Sampling Sites

Fifty-one streams were sampled during this study.
Sampling-site names and locations are given in table
1, and the corresponding map locations are shown in
figure 1. Also, included in table 1 is the drainage area
for each sampling site.

Selection of the 53 sites was originally accom-
plished by ranking the 147 sites from the 1989 post-
application sampling period (Scribner and others,
1993) from highest to lowest according to the total
herbicide concentration detected. The total herbicide
concentration was defined as the sum of the concentra-
tions of all herbicides detected in each sample. The
sites then were divided into three equal groups.
Twenty-five sites were randomly selected from the
group containing the highest concentrations. Simi-
larly, 13 sites were randomly selected from the middie
concentration group, and 12 sites were randomly
selected from the low concentration group. Three

additional sites were selected out of nine that were
sampled in 1990 using automatic samplers to deter-
mine the temporal distribution of herbicides in several
Midwestern streams (Scribner and others, 1994).
Fifty-one of these 53 sites sampled in 1990 (and
again in 1994, 1995, and 1998) were sampled in 2002.
Some minor changes to the site locations did occur.
The site on the Turkey River at Spillville, Iowa, was
moved downstream to near Eldorado, Iowa (map num-
ber 1); the site on the Rock River at Luverne, Minne-
sota, was replaced with a site on Little Cobb River
near Beauford, Minnesota (map number 32); the
White River near Nora, Indiana, was not sampled due
to a log jam just upstream from the sampling site; and
Salt Creek at Roca, Nebraska, was not sampled due to
construction on the bridge used for sample collection.

Sample Collection

Three 125-mL samples were collected at each site
during 2002. The first set of samples were collected
after pre-emergence herbicides were applied (May or
June) and following precipitation that produced runoff
conditions and a measurable increase in streamflow.
Ideally, streamflow would be at or above the 50th per-
centile of flow (50 percent exceeds streamflow for the
period of record, published in annual USGS Water
Data Reports). These samples are referred to as pre-
emergence runoff samples. The second set of samples
were collected after post-emergence herbicides, such
as glyphosate, were applied (June or July) and again
following precipitation that produced runoff condi-
tions and streamflows at or above the 50th percentile.
These samples are referred to as post-emergence run-
off samples. The third set of samples was collected
during or after harvest season (September through
November) and following precipitation that produced
runoff conditions and rising streamflows (Battaglin
and others, 2003). These samples are referred to as
harvest-season runoff samples.

Water samples were collected using methods
described in Shelton (1994). The equal-width-
increment sampling method (Edwards and Glysson,
1988) was used for collection of all samples.

Sample Processing

The water samples were filtered through a 0.7-pm
pore-size baked glass-fiber filter using an aluminum
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Table 1. Names, locations, and drainage areas for 51 stream sampling sites in nine Midwestern States, 2002

Genlljt;:.ical Latitude Latitude Drainage
Survey site (degrees, {degrees, area
Map number identification minutes, minutes, {square
{fig. 1) number Site name sectionds) sectionds) miles)
Iowa
1 05411850 Turkey River near Eldorado 43°03'15" 91948'32" 640
2 05421000 Wapsipinicon River at Independence 42927'49" 91°53'42" 1,048
3 05455100 Old Mans Creek near Iowa City 4193625" 91°36'40" 201
4 05472500 North Skunk River near Sigourney 41°18'03" 92°12'16" 130
5 05474000 Skunk River at Augusta 40°45'13" 91°1640" 4,303
6 05480500 Des Moines River at Fort Dodge 42930'22" 94°12:04" 4,190
7 05484500 Raccoon River at Van Meter 41°32'02" 93956'59" 3,441
8 06606600 Little Sioux River at Correctionville 42°2820" 95°47'49" 2,500
9 06607200 Maple River at Mapleton 42°09'28" 95°4827" 669
10 06609500 Boyer River at Logan 41°38'33" 95046'57" 871
Illinois
11 03378000 Bonpas Creek at Browns 38°2311" 87°58'32" 228
12 03381495 Little Wabash River at Carmi 38°05'32" 88°09'22" 3,088
13 05439500 South Branch Kishwaukee River at Fairdale 42°06'40" 88°54'00" 387
14 05526000 Iroquois River near Chebanese 41°00132" 87949'27" 2,091
15 05540500 Du Page River at Shorewood 41°3120" 88°1135" 324
16 05569500 Spoon River at London Mills 40°42'32" 090°16'53" 1,072
17 05576500 Sangamon River at Riverton 39°50'34" 89932'52" 2,618
18 05587000 Macoupin Creek near Kane 39014'03" 90°23'40" 868
19 05592100 Kaskaskia River near Cowden 39913'50" 88950'33" 1,330
20 05594000 Shoal Creek near Breese 38°36'35" 89929'40" 735
Indiana
21 03275000 Whitewater River near Alpine 39934'46" 85°09'29" 522
22 03302800 Blue River at Fredericksburg 38926'02" 85°11'31" 283
23 03328500 Eel River near Logansport 40°46'55" 86°15'50" 789
24 03333450 Wildcat Creek near Jerome 40°2629" 85°55'08" 146
25 03335000 Wildcat Creek near Lafayette 40°26'26" 86°49'45" 794
26 03362500 Sugar Creek near Edinburgh 39921'39" 85959'51" 474
27 03371500 East Fork White River near Bedford 38°46'10" 86°24'30" 3,861
Kansas
28 06885500 Black Vermillion River near Frankfort 39941'03" 96°26'15" 410
29 06890100 Delaware River near Muscotah 39°31'17" 95931'57" 431
Minnesota
30 05317000 Cottonwood River near New Ulm 44°1729" 04926'24" 1,280
31 05476000 Des Moines River at Jackson 43937'10" 94959'10" 1,220
32 05320270 Little Cobb River near Beauford 43959'48" 03°54'30" 130

Methods
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Table 1. Names, locations, and drainage areas for 51 stream sampling sites in nine Midwestern States, 2002—Continued

Geolljt;z.icﬂ Latitude Latitude Drainage
Survey site {degrees, {degrees, aree
Map number  identification minutes, minutes, (square
{fig. 1) number Site name sectionds) sectionds) miles)
Missouri
33 06817700 Nodaway River near Graham 40°12'08" 95°04'07" 1,320
Nebraska
34 06804000 Wahoo Creek at Ithaca 41°08'40" 96°32'10" 271
35 06880800 West Fork Big Blue River near Dorchester 40°43'52" 97°1038" 1,206
36 06815000 Big Nemaha River at Falls City 40°02'08" 95935'45" 1,340
37 06882000 Big Blue River at Barneston 40°02'40" 96°35'12" 4447
38 06884000 Little Blue River near Fairbury 40°06'54" 97°10'13" 2,350
39 03157000 Clear Creek near Rockbridge 39°35'18" 82934'43" 89
40 03219500 Scioto River near Prospect 40°25'10" 83°11'50" 567
41 03223000 Olentangy River at Claridon 40°34'58" 82°5920" 157
42 03230500 Big Darby Creek at Darbyville 39942'02" 83°06'37" 534
43 03234500 Scioto River at Higby 39012'44" 82951'50" 5,131
44 03240000 Little Miami River near Oldtown 39944'54" 83955'53" 129
45 03267900 Mad River at Eagle City 39957'51" 83049'54" 310
46 04185000 Tiffin River at Stryker 41°30'16" 84°25'47" 410
47 04186500 Auglaize River near Fort Jennings 40°56'55" 84°15'58" 332
Wisconsin
48 04087240 Root River at Racine 42°45'05" 87°49'25" 190
49 05340500 St. Croix River at St. Croix Falls 45°24"25" 92938'49" 6,240
50 05407000 Wisconsin River at Muscoda 43°11'54" 90%2626" 10,400
51 05430500 Rock River at Afton 42°36'33" 80°04'14" 3,340

plate filter holder and a ceramic-piston fluid-metering
pump with all Teflon tubing into precleaned 123-mL
amber glass bottles. All sampling equipment was
cleaned with a Liquinox/tapwater solution, rinsed
thoroughly with tapwater, then rinsed with organic
free, distilled, or deionized water, followed by a final
rinse with methanol and organic-free water to remove
traces of methanol. The equipment was then air dried.
The filtrate was collected in eight heat-cleaned
125-mL amber glass bottles. The remainder of the
water in the compositing container was used for onsite
measurements of specific conductance, pH, and water
temperature. All samples were chilled immediately
and shipped to the USGS laboratory in Lawrence,
Kansas, for analyses. At the USGS laboratory, sam-
ples were assigned identification numbers, logged into

a database, and refrigerated at approximately 4 °C
until analyzed within 7 days.

Laboratory Methods

The laboratory method analysis code, approved
USGS method number, and reporting limit for chemi-
cal compounds using both gas chromatography/mass
spectrometry (GC/MS) and liquid chromatogra-
phy/mass spectrometry (LC/MS) are shown in table 2.

Gas Chromatography/Mass Spectrometry

Water samples were extracted and analyzed by
GC/MS for six acetamide parent compounds, one dini-
troaniline parent compound, nine triazine parent com-
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Table 2. Chemical compounds, laboratory method analysis codes, USGS parameter codes, approved USGS method numbers, and

reporting limits determined for water samples collected from 51 streams in nine Midwestern States, 2002

[USGS, U.S. Geological Survey, pg/L, micrograms per liter; --, no dataj

Laboratory method ~ USGS parameter USGS method Reporting limit
Chemical compound analysis code number {ng/L)
Parent herbicides
Acetamides
acetochlor GCS 49260T 0-2132-99 0.05
alachlor GCS 46342T 0-2132-99 .05
dimethenamid GCS 61588T 0-2132-99 .05
flufenacet GCS 62481T 0-2132-99 .05
metolachlor GCS 394157 0-2132-99 .05
propachlor GCS 04024T 0-2132-99 .05
Dinitroaniline
pendamethalin GCS 82683T 0-2132-99 .05
Glyphosate LCGY 62722T 0-2136-01 .10
Glufosinate LCGY 62721T 0-2136-01 10
Phenylureas
Diuron LCEA 503748 0-2138-02 105
LCEA 503748 0-2138-02 270
Fluometuron LCEA 388118 0-2138-02 1os
LCEA 38811S 0-2138-02 290
Linuron LCEA 38478S 0-2138-02 .20
Triazines
ametryn GCS 38401T 0-2132-99 .05
atrazine GCS 39632T 0-2132-99 105
LCEA 396328 0-2138-02 .05
LCEA 396328 0-2138-02 2125
Cyanazine GCsS 04041T 0-2132-99 .05
LCEA 04041S 0-2138-02 105
LCEA 040418 0-2138-02 2005
metribuzin GCS 82630T 0-2132-99 05
prometon GCS 04037T 0-2132-99 .05
prometryn GCS 04036T 0-2132-99 .05
propazine GCS 38535T 0-2132-99 .05
LCEA 385358 0-2138-02 1os
LCEA 385358 0-2138-02 2025
simazine GCS 04035T 0-2132-99 .05
LCEA 040358 0-2138-02 1os
LCEA 040358 0-2138-02 2025
terbutryn GCS 38888T 0-2132-99 .05
Acetamide degradation products
acetochlor ethanesulfonic acid (ESA) LCAA 61029X 0-2134-00 .05
acetochlor oxanilic acid (OXA) LCAA 61030X 0-2134-00 .05
acetochlor sulfynil acetic acid (SAA) LCAA 62847V 0-2134-00 .05
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Table 2. Chemical compounds, laboratory method analysis codes, USGS parameter codes, approved USGS method
numbers, and reporting limits determined for water samples collected from 51 streams in nine Midwestern States, 2002—Continued

Laboratory method  USGS parameter USGS method Reporting limit
Chemical compound analysis code number {ug/L)
Acetamide degradation products—Contimred
alachlor ESA LCAA 50009X 0-2134-00 0.05
alachlor OXA LCAA 61031X 0-2134-00 .05
alachlor SAA LCAA 62848V 0-2134-00 .05
dimethenamid ESA LCAA 61951X 0-2134-00 .05
dimethenamid OXA LCAA 62482X 0-2134-00 .05
flufenacet ESA LCAA 61952X 0-2134-00 .05
flufenacet OXA LCAA 62483X 0-2134-00 .05
metolachior ESA LCAA 61043X 0-2134-00 .05
metolachlor OXA LCAA 61044X 0-2134-00 .05
propachlor ESA LCAA 62766V 0-2134-00 .05
propachlor OXA LCAA 62767V 0-2134-00 .05

Glyphosate degradation product
aminomethylphosphonic acid (AMPA) LCGY 62649T 0-2136-01 .10

Phenylurea degradation product

demethylfluometuron (DMFM) LCEA 617558 0-2138-02 105
LCEA 617555 0-2138-02 220
Triazine degradation products
cyanazine acid (CAC) LCEA 617458 0-2138-02 105
LCEA 617458 0-2138-02 2025
cyanazine amide (CAM) GCS 61709T 0-2132-99 .05
LCEA 617098 0-2138-02 1gs
LCEA 617095 0-2138-02 2025
deethylatrazine (CIAT) GCS 04040T 0-2132-99 .05
LCEA 040408 0-2138-02 105
LCEA 040408 0-2138-02 225
deethylcyanazine (DEC) LCEA 61749S 0-2138-02 1o5
LCEA 617498 0-2138-02 290
deethylcyanazine acid (DCAC) LCEA 617508 0-2138-02 los
LCEA 617505 0-2138-02 2720
deeihylcyanazine amide (DCAM) LCEA 617518 0-2138-02 1 o5
LCEA 617515 0-2138-02 2025
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Table 2. Chemical compounds, laboratory method analysis codes, USGS parameter codes, approved USGS method
numbers, and reperting limits determined for water samples collected from 51 streams in nine Midwestern States, 2002—Continued

Laboratory method  USGS parameter USGS method Reporting limit
Chemical compound analysis code number (ng/L)
Triazine degradation products—Continued
deethyldeisopropylhydroxyatrazine LCEA 626745 0-2138-02 19.05
didealkylatrazine (CAAT) LCEA 626748 0-2138-02 25
deethylhydroxyatrazine (OIAT) LCEA 62676S 0-2138-02 110
LCEA 62676S 0-2138-02 1os
LCEA 62676S 0-2138-02 2ms
deisopropylatrazine (CEAT) GCS 04038T 0-2132-99 .05
LCEA 04038S 0-2138-02 g5
LCEA 04038S 0-2138-02 2ms
deisopropylhydroxyatrazine (OEAT) LCEA 62678S 0-2138-02 1os
LCEA 62678S 0-2138-02 2ms
hydroxyatrazine (OIET) LCEA 503558 0-2138-02 105
LCEA 50355S 0-2138-02 205
Antibiotics
Beta lactams
amoxicillin LCAN 61743U - .10
ampicillin LCAN 62889U -- .10
cefotaxime LCAN 62890U -- 10
cloxacillin LCAN 62891U - .10
oxacillin LCAN 62892U - .10
penicillin G LCAN 61760U - .10
penicillin V LCAN 62893U -- .10
Macrolides
erythromycin LCAN 62797U - .10
lincomycin LCAN 62894U -- .10
ormetoprim LCAN 62962U - .10
roxithromycin LCAN 62895U -- .10
trimethoprim LCAN 62023U - 10
tylosin LCAN 62896U - .10
virginiamycin LCAN 62897U -- .10
Quinolines
flumequine LCAN 62717U -- 10
norfloxacin LCAN 62757U -- .10
oxolinic Acid LCAN 62759U -- .10
sarafloxacin LCAN 62771U - .10
ciprofloxacin LCAN 62898U - .10
ofloxacin LCAN 62899U -- .10
lomefloxacin LCAN 62900U - .10
clinafloxacin LCAN 62901U - .10
Sulfonamides
sulfachlorpyridazine LCAN 62774U - 10
sulfadiazine LCAN 62963U -- 10

Methods 11



Table 2. Chemical compounds, laboratory method analysis codes, USGS parameter codes, approved USGS method
numbers, and reporting limits determined for water samples collected from 51 streams in nine Midwestern States, 2002—Continued

Laboratory method  USGS parameter USGS method Reporting limit
Chemical compound analysis code number {(ug/l)
Antibiotics—Continued
Sulfonamides—Continued
sulfadimethoxine LCAN 62776U -- .10
sulfamerazine LCAN 62777U - .10
sulfamethazine LCAN 61762U - .10
sulfamethoxazole LCAN 62775U -- .10
sulfathiazole LCAN 62778U -- .10
Tetracyclines
chlorotetracycline LCAN 61744U -- 10
doxycycline LCAN 62694U -- .10
minocycline LCAN 62751U -- .10
oxytetracycline LCAN 61759U - .10
tetracycline LCAN 62781U - .10
Tetracycline degradation products
anhydrochlortetracycline LCAN 62650U -- .10
anhydrotetracycline LCAN 62651U -- .10
demeclocycline LCAN 62680U -- .10

IReporting limit for pre- and post-emergence samples.
%Reporting limit for harvest-season runoff samples.

pounds, and three triazine degradation products. The
approved USGS method number is 0-2132-99
(Zimmerman and Thurman, 1999; Kish and others,
2000), and the USGS laboratory method analysis code
is GCS.

by the USGS laboratory with the method analy-
sis code of LCEA. The method reporting limit
changed during the reconnaissance described
herein as the method was in the process of devel-
opment by the USGS laboratory.

(3) Method number 0-2136-01, which was approved

Liquid Chromatography/Mass Spectrometry

Water samples were also extracted and analyzed
using four different LC/MS methods as follows:

(1) Method number 0-2134-00, which was approved
by the USGS in April 2000 with a second
approval in February 2001 of additional com-
pounds (Lee and others, 2001), was used to ana-
lyze 10 of the 14 acetamide degradation
products. Four additional acetamide degradation
products analyzed using this method are in the
process of USGS approval. This method is iden-
tified by the USGS laboratory with the method
analysis code of LCAA.

(2) Method number 0-2138-02 method, which was
approved by the USGS in December 2002 (Lee
and others, 2002b), was used to analyze four tri-
azine parent compounds and 11 triazine degrada-
tion products plus three phenylurea parent
compounds and one phenylurea degradation
product (Lee and others, 2002b) and is identified

by the USGS in December 2001, was used to
analyze glyphosate, its degradation product, ami-
nomethylphosphonic acid (AMPA), and glufosi-
nate (Lee and others, 2002a, 2002¢) and is
identified by the USGS laboratory with the
method analysis code of LCGY.

(4) A method presently (2003) under review by the

USGS was used to analyze five classes of antibi-
otics, including beta lactams, macrolides, quino-
lones, sulfonamides, and tetracyclines, and is
identified by the USGS laboratory with the
method analysis code of LCAN. Three analyses
are accomplished for the five classes of antibiot-
ics. The LCAN method uses a Triathlon
autosampler and Prospekt system for online
solid-phase extraction (SPE). All three analyses
use simetone as the internal standard. Tetracy-
clines are analyzed separately using meclocy-
cline as a surrogate. Beta lactams and
macrolides are analyzed together using

12 Reconnaissance Data for Glyphosate, Other Selected Herbicides, Their Degradation Products, and Antibiotics in 51 Streams in Nine Midwestern

States, 2002





















Lee, E.A., Kish, J.L., Zimmerman, L.R., and Thurman,
E.M.,, 2001, Methods of analysis by the U.S. Geologi-
cal Survey Organic Geochemistry Research Group—
update and additions to the determination of chloroace-
tanilide herbicide degradation compounds in water
using high-performance liquid chromatography/mass
spectrometry: U.S. Geological Survey Open-File
Report 01-10, 17 p.

Lee, E.A., Strahan, A P., and Thurman, E.M., 2002a, Meth-
ods of analysis by the U.S. Geological Survey Organic
Geochemistry Research Group-—determination of gly-
phosate, amincmethylphosphonic acid, and glufosinate
in water using online solid-phase extraction and high-
performance liquid chromatography/mass spectrome-
try: U.S. Geological Survey Open-File
Report 01454, 13 p.

2002b, Methods of analysis by the U.S. Geological
Survey Organic Geochemistry Research Group—
determination of triazine and phenylurea herbicides
and their degradation products in water using solid-
phase extraction and liquid chromatography/mass
spectrometry: U.S. Geological Survey Open-File
Report 02-436, 19 p.

Lee, E.A., Zimmerman, L..R., Bhullar, B.S., and Thurman,
E.M., 2002c, Linker-assisted immunoassay and liquid
chromatography/mass spectrometry for the analysis
of glyphosate: Analytical Chemistry, v. 74,

p- 49374943,

Lerch, R.N., Blanchard, PE., and Thurman, E.M., 1998,
Contribution of hydroxylated atrazine degradation
products to the total atrazine load in Midwestern
streams: Environmenta] Science & Technology, v. 32,
p. 40-48.

Phillips, P.J., Wall, G.R., Thurman, E.M., Eckhardt, D.A.,
and VanHoesen, J., 1999, Metolachlor and its metabo-
lites in tile drain and stream runoff in the Conajoharie
Creek watershed: Environmental Science & Technol-
ogy, v. 33, p. 3531-3537.

Scribner, E.A., Battaglin, W.A., Goolsby, D.A., and Thur-
man, E.M,, 2000, Changes in herbicide concentrations
in Midwestern streams in relation to changes in use,
1989—-1998: Science of the Total Environment, v. 248,
p. 255-263.

Scribner, E.A., Goolsby, D.A., Thurman, E.M., and Battag-
lin, W.A., 1998, A reconnaissance for selected herbi-
cides, metabolites, and nutrients in streams of nine
Midwestern States, 1994-95: U.S. Geological Survey
Open-File Report 98181, 44 p.

Scribner, E.A., Goolsby, D.A., Thurman, E.M., Meyer,
M.T., and Pomes, M.L., 1994, Concentrations of
selected herbicides, two triazine degradation products,
and nutrients in storm runoff from nine stream basins
in the Midwestern United States, 1990-92: U.S. Geo-
logical Survey Open-File Report 94-396, 144 p.

Scribner, E.A., Thurman, E.M., Goolsby, D.A., Meyer,
M.T., Mills, M.S., and Pomes, M.L., 1993, Reconnais-
sance data for selected herbicides, two atrazine degra-
dation products, and nitrate in surface water of the
Midwestern United States, 1989-90: U.S. Geological
Survey Open-File Report 93—457, 77 p.

Shelton L.R., 1994, Field guide for collection and process-
ing stream-water samples for the National Water-
Quality Assessment Program: U.S. Geological Survey
Open-File Report 94455, 42 p.

Thurman, E.M., Bastian, K.C., and Mollhagan, Teny, 2000,
Occurrence of cotton herbicides and insecticides in
playa lakes of the High Plains of West Texas: The Sci-
ence of the Total Environment, v. 248, p. 189-200.

Thurman, E.M., Goolsby, D.A., Meyer, M.T., and Kolpin,
D.W., 1991, Herbicides in surface waters of the Mid-
western United States—the effect of spring flush:
Environmental Science & Technology, v. 25,

p- 1794-1796.

Thurman, E.M., Goolsby, D.A., Meyer, M.T., Mills, M.S.,
Pomes, M.L., and Kolpin, D.W., 1992, A reconnais-
sance study of herbicides and their degradation prod-
ucts in surface water of the Midwestern United States
using immunoassay and gas chromatography/mass
spectrometry: Environmental Science & Technology,
v. 26, no. 12, p. 2440-2447.

Thurman, E.M., Meyer, M.T., Mills, M.S., Zimmerman,
L.R., Perry, C.A., and Goolsby, D.A., 1994, Formation
and transport of deethylatrazine and deisopropylatra-
zine in surface water: Environmental Science & Tech-
nology, v. 28, p. 2267-2277.

U.S. Department of Agriculture, 2002, National Agricul-
tural Statistics Service (NASS) agricultural chemical
use database: Information available on the World
Wide Web, accessed October 16, 2002, at URL
http://www.pestmanagement.info/nass/

U.S. Environmental Protection Agency, 2003, Pesticides—
regulating pesticides: Information available on the
World Wide Web, accessed April 28, 2003, at URL
http://www.epa.gov/oppefed1/aceto/index.htm/

World Health Organization (WHO), 1997, part II—toxico-
logical and environmental, glyphosate and its metabo-
lite AMPA: Information available on the World Wide
Web, accessed April 29, 2003, at URL
http://www.who.int/water_sanitation_health/ GDWQ/
draftchemicals/glyphosate2003.pdf

Zimmerman, L.R., and E.M. Thurman, 1999. Method of
analysis by the U.S. Geological Survey Organic
Geochemistry Research Group—determination of tri-
azine and chloroacetanilide herbicides in water by
solid-phase extraction and capillary-column gas chro-
matography/mass spectrometry with selected-ion mon-
itoring: U.S. Geological Survey Open-File
Report 98-634, 21 p.

References Cited 19



20 Reconnaissance Data for Glyphosate, Other Selected Herbicides, Their Degradation Products, and Antibiotics in 51 Streams in Nine Midwestern
States, 2002



Supplemental Information

Supplemental Information 21



09 V'8 9ZL 0L9 0021 20/0¢/01 €S
Sve 1’8 15§ 08’9 geol 0/T1190 D
S¥C '8 IS¢ 0¥89 0€91 20/21/90 [&)
1841 V'8 €L 009y 0£60  TO/L1/SO IS TSN UBA T ISATY U00dBY  00SH8TS0 L
oL 18 LO8 SL8 00ST 20/0¢€/01 £S
§ee £8 SeL 089°¢ 0€L0  TO/€1/90 Zs
4! c'8 L9L 068°1 0ecl T0/L1/50 1S 93po] 110 12 19ATY SSUIO SO0 00SO8¥S0 9
69 (4] 019 13014 S101 20/62/01 €S
LT 8L LoV 09¢g‘c SeTT 0/LT/90 [4)
9°CI 'L SLT 008'0c  OfTI T0/E1/50 IS BISNINY Je JoArY YUNNS  000¥LYSO S
89 08 €0S 144! SeE¥l  T0/6T/01 €S
86T Vi [X43 ove s101 T0/80/L0 [4]
£l L 9¢ce 088°1 0£91 20/€1/50 IS AoumoS1g Teou JoAry YUMYS YMON  00STLYSO L4
'L VL 1453 8¢ orit 20/0¢/01 €S
8°0¢ 9L 89y 911 §660  TO/LT/90 ¢S
S0t SL 9ty 8TV 0011 T0/e1/50 IS AI1D BMO] Jeau JO3I) SUEIN PIO  00TSSHSO0 £
19 L't 8cy Sel 0€60  Z0/62/01 €S
1's¢ 6L L1y 0611 syt c0/vT/90 (4
Lt 8L 68 ov1‘l 0011 20/v1/50 IS asouapuadopuy 1e ATy uooturdisdemy  0001ZHS0 C
19 &} 1435 §Cl 00¢€T 20/62/01 €S
6'¢T 8L [4:14 ST19 0S60  TO/MT/90 [4)
91 08 198 0zs Sovi cwomrL/so qo
Lyl 8 91¢ 0cs 0or1 20/v1/50 IS OPBIOp[H Teou 10ATy LoxnL,  0S8ITHSO I
BMO]
(30) (siun (wa/gm) (s/c) {noy-pz) (1eak edAy aweu a)ig laquinu (1'By)
ammeiodwey PIEPUBIS)  BIUGIINPUOD mopuipeng  OWH  /Aep/puow)  ejdweg uoyeayuepr  Jequinu
oepm Hd ayoedg uonae||oy  uoyIe|0d eps Aering depy
jo ajeq teaibiojoen ‘s’

[Jyouns uoseas-jsaarey woij adures ‘¢g ‘Pouns 3ouadauwra-isod woyy spdures ‘z§ Jyouns aousfiowa-o1d uroyy spdures ‘1§ ‘sojdwes ayeordnp Klojeroqey ‘T ‘yuelq ploy

‘g4 ‘ordures syeordor yuarmonod YD :adA) sjdureg “exep ou ‘-- SMIS[)) $921FIP §T 18 1AWHNID 13d STOWISISOIIUE ‘WId/SH ‘SNIS[) §32183p <), ‘pu0sas 1ad 329) dIqno ‘s/u]

Z00Z 's81B1S UIBISOMPIY\ BUIL Ut SWRaINS |G W0} pa1a]j0d sajdwies 18)em Joj pauiuLisiep saruadold jeaishyd pue mojwesns g ejqep

22 Reconnaissance Data for Glyphosate, Other Selected Herbicides, Their Degradation Products, and Antibiotics in 51 Streams in Nine Midwestern

States, 2002



€0¢ £'8 €9 (AN Syl 20/ST/60 €S

'S¢ 6'L 8¢9 2081 0160  Z0/82/90 ZS

6l 08 19 [SeN! €60  T0/90/90 1S 350UBQaYD Iedu 1ARY stonbol]  0009TSSO 14!
L a4! 18 1€8 €€ 0€60  T0/ST/60 €S

L'LT €L €8L 134 (U341 T0/70/80 (4

£l LL €6S 01T 0091 0/v1/50 1S JePIIey Je IOAR S NEeMYSTY youerg pnos  0056£v SO €l
70T '8 919 (1% 0£80 20/52/60 €S

0'9¢ SL 484 0z8'c 1§48 20/82/90 dO

097 SL ]84 078'¢ (11941 20/S2/90 (A

7'ST €L oy oov'y 0eTl 20/90/90 IS TuLeD) j8 DALY Useqem o] S6vI8EE0 4!
€Ll 6L e (4 siol 20/ST/60 €S

0S¢ €8 vLE SLT 00¢1 20/52/90 Zs

LA14 L'L 88¢ 14! 1€01 20/90/90 qo

YTl L'L 88S 14} 0£01 20/90/90 IS sumoig je yoa1) seduog  0008LEEO I

stoutfix

09 L8 peL oLl 0060  TO/10/11 €S

0se '8 8v< S€6 Spel T0/11/90 4

0'ce €8 69¢ 9y SP60  TO/6T/50 IS ueS0] Je AR 1ok0d  00S60990 01
ov 98 18L oLl 00¢t 20/1€/01 £S

(% 14 08 919 009 ocel 20/11/90 Zs

3 74 ¢ SL9 (4% 00Tl TO/6T/SO 1S uojedey 16 JoAry AdeIN  00ZL0990 6
0¢c L8 16L (1114 0€60 T0/1€/01 €S

0'ce '8 91§ 0sZ‘1 0011 TO/11/90 (A

91 g8 9€L oge’l giol T0/L1/S0 IS 9[[IAUOHOAIIOD) Je JIALY XNOIG IMIT 00990990 8

panupuo)—emoy
(Do) (sptun {wa/gr) (s/ch) {snoy-pz} (reeh adky aweu axg Joquinu {t *By)
simesadpy  PIEPURIS)  BIUEIONPUOD  mopweang  OWH JRepipuow)  ajdwes uopEdYNUSP  Jequinu

190ep Hd ayroedg uonoe||o) UuORIBJ[0I ays Aeang depy

10 aeg

jea1bojoey ‘s’

PANUNUOY—Z00Z 'SOIRIS UIBISBMPIA BUIU Ut SWEAIS |G WoJ) Palaaj|od sajdwes isjem 1oy pauiuia)ap saipiadoid [edishyd pue mojweais ¢ ajqeL

3

Supplemental Information



o1 VL €81 018C 00C1 C0/LT/60 €S
0€C 8L LLy £l 0cll ¢0/12/80 Zs
00z L L8T 80L 0tll 20/90/90 IS 3mgsyouapaL] Je JoAry NG 00STOLEO (44
001 g 8TL 681 SILY 20/62/01 €S
1T 6L 1z¢ oL S0Z1 20/82/90 (A
61 L'L 9Ly 0€T°1 0ecl 20/¥1/90 IS
- - - - Syl 20/¥1/90 a4 ould[y Jeau IoAR] IeMAIYM  000SLZED 1T
sueipuy
061 9L (443 96 ocrl 20/vT/60 €S
08T '8 0LS 801 (11841 20/62/LO [4
0ve SL £0S e OtEl 20/90/90 IS 95321 Jeau YUy [eoYyS 0006550 174
$'6l 6'8. (Y4 €61 ogel 20/52/60 €S
£'81 LL 8¢ L197 00¢1 20/5T/90 ¢S
$'81 6'L 8¢t 61LC 0€60 °0/6T/50 IS UapMOD) TeaU JOATY BDISEqSeY  Q01T6SS0 61
691 9L 89C 201 0z11 0/vT/60 €S
9T 8L vee 1293 ST11 20/6T/LO [4)
¢0c SL 9 8744 0001 20/90/90 1S auey] eau Ya21D) uIdnodeN  QOOLBSSO 81
L91 oL 8Tl 1e¥ c¥80 20/52/60 £S
LA 6'8 050°1 9iL SIST 20/LTILO (4
681 9L sey pee's S101 20/62/50 Is UOJISALY TE JOATY UoweSues  00S9LSSO Ll
S'Gi 88 LLY [4% S060 20/¥2/60 €S
1'ST T8 ovs 1944 000t 20/0€/L0 [4y
£'e LL 6t 0098 €£01 20/v1/50 IS S[IIAL UOpUO J& 1oAry uoods  00S69550 91
VLl '8 918 90¢C (3441 T0/ST/60 £S
(4 Lr'L 0L 124 ovcl 20/LT90 (A
ovi 8L ce8 ove'l 0£01 20/51/50 IS poomaloyg Je 1oAR] 98ed nd  00S0¥SSO ¢l
panuguon—siout]jf
{0} (syun {wa/gr) (s/ ) {moy-pz) (1eak adly sweu a)g saquiny {1 By)
simesadwey PIOPUEIS)  SOULIINPUOD  mguinpang own  /Aepfpuow) ajdweg uopesyuapl sagqumu
109 Hd aj10adg uoi99]j0)  UONIB|J0I aus Aaning depy
jo aleq |eaifiojoay ‘g'n

paNUIU0)—Z00Z ‘SeleIS UIISSMPI BUIU Ul SWeals |G Woly pajdsaj|od sajdwes Jaem Jojy paujwialep sauadold [eaishyd pue mojjweans ¢ ajqer

24 Reconnaissance Data for Glyphosate, Other Salected Herbicides, Their Degradation Products, and Antibiotics in 51 Streams in Nine Midwestern

States, 2002



19114 LL [§99 01 (1108 20/61/60 €S
LT L LTT 434 0560  TO/LT/90 S
eIe 6'L 06t 15114 SIEI <0/L0/S0 IS UBJOOSNA] TBJU IoATY areme[d2 00106890 6C
¢Sl L 9ty 8 SETI T0/€0/01 €S
Tye SL 685 14 seet <0/L1/80 Zs
1T 8L (359 514 0sIT <0/L0/S0 dO
£'1T 8L 1359 114 348! <0/L0/50 IS MOp[UeL] Jeau JOARY UOI[IUISA YRl  00SS8890 8¢
sesuRy
6l 9L £€T 65P'E vt <0/10/01 YO
76l oL 134 65Y'e orll 0/10/01 €S
9'LT (A 1L§ 0LTC S091 CTO/ET/LO [4)
9°TC 9L 86¢ 09¢€°L 0091 €0/90/90 IS PI0Jpog JedU JOATY MM HI0J 358 Q0STLEEO LT
so1 08 €L9 091 orel 20/9Z/01 €S
6cCC 9L 19¢ 0SL1 IZ11 20/92/90 dD
6'CC oL 19¢ 0SLY 0ZIt 20/92/90 dD
67T 8L Los 00L1 0201 T0/92/90 [4)
L'81 6L 89S L19 svel 20/L0/90 IS Y3mquipg reou Y2210 Jedng  0STIEL0 9C
L8 08 969 0g9 SIcCl 0TIl €S
Lve 08 9L9 €65 0001 20/€T/LO (4
T L& 8¢9 0v0‘1 0€91 20/0£/S0 IS anaAeyeT IEou 221D 0PI 000SEEE0 14
8'0¢ 6'L 6CS £l 91¢€T 20/0C/60 €S
0'1e 6L 1349 €l (11001 20/61/80 (4
891 6L 685 61¢C szt T0/0%/50 IS QWOIIf JBAU Y32I7) JBOPTIM. - QSPEEEED ¥e
ot '8 L9L 1¢3 0001 0/01/2l €S
1'9C '8 00L £8€ 0sct 20/1€/L0 (4
9°¢C (4 L89 9LC ottt 20/0¢/L0 Zs
002 '8 Y19 S09 00¢C1 <0/50/90 IS uodsuedo IeaU IOAIY [9H  00S8TELO | X4
panujuo))—eueIpuy
{20) {sun {wa/gi) (s/;)  (moypz)  (1eak adly eweu ayg sequiny {1By)
aimesedwe; PIBPUBIS)  BOUEIINPUOD  mopupang  OWH  /Aep/guow) ajdwes uonjeayliuapt  Jaquinu
1M Hd ayiaadg uondajo)  1wonIB|0I ajs Asmung depy
j0 a1eq jeaibojoag '§'n

PaNUINU0N—7Z(0Z ‘SO1BIS LISISAMPIY\ SUIU Ul SWIBSIIS |G WOJ) Pa)aaj|0d sajdwes Jajem o} paulwsaiap saiyadoid jedisAyd pue mojjweals 'g 8jqer

%

Supplemental Information



081 6L 699 191 0Z8S1 20/%0/01 €S
S€T S8 069 8% 00%1 C0/TI/LO [
S'LT 9'L 0S¢ 0.0 00¥1 20/90/50 IS A siied 1e 1oAry eyrwoN 319 000S1890 9¢
Sel €L (U%) L0T 0260  Z0/v0/01 €S
§'6T €8 LIS 123 0011 ¢0/9Z/LO (A
081 9L €Te 08¢ 0060  T0/LO/SO IS 191SYOIO(T JeU JoAR] anig B1g Y104 1S90 00808890 33
- 'L (454 LL 0£60  TO/P0/01 €S
0'€T L 8LV 8L or80  T0/TI/90 [A)
s 6L 12514 0€l ocel 20/€1/50 1S BORY] 18 321D OOUBAN  000+0890 e
BYSEIQIN
SLI £8 80¢ 0ez S1¢I 20/¥0/01 ¢S
§'6C e 80¢ 86 00¢1 20/62/L0 S
Y 8L 9¢t 09L'1 0€C1 20/¥1/S0 IS WBLEID) FeoU AT AemePON  00LL1890 £
1INOSSIIAI
6'cl L LSY 6 ISR 20/20/01 €S
0ve 9L e9 90¢ 540 20/LT/0 (4
OLI 6L €9 zo1 ClET 0/90/90 18 PIOJneaf] JedU ISALY Q40D 2PNT  0LTOTESO [43
01 €8 oL 91 19481 <0/80/01 €S
09¢ £8 698 144 ozl 20/52/90 AD
09¢ £'8 698 8P (9141 20/S290 [4
0T 08 108 wr 0TL0  TO/1e/SO IS UOSYOR[ J& IDAR] SOUION S3T  0009LYS0 113
LTl 6L 1€9 VL €60  TOMP0/0T €S
oyt 6L 168 085°C 0791 20/52/90 (4
0T 8 or1'l LSS 0S¢el 20/0¢/50 IS W) MIN JedU ISATY POOMUONOT  Q00LIESO 0€
BlosaUul
{20 {suun {wa/gT) (/) (inoy-yz) {1eah adly aweu ajs Jaquinu {1°6y)
aimesadwe) piepueis)  asueaINpuol Mmojjweans aun JAep/yauow) ajdweg uoneaynuapi Jaqumu
mepm Hd apoadg uoiaaljo])  uoNda|j09 ayus Aanng depy
io aeq jearfiojoan s’

panuUILo)—Z00Z ‘S8IBIS UIBISBMPI|A BUIU Ul SWEBNIS |G Wol) Paloa)|0d sajduwies Jalem Joj paulwialep saipadoid eaisAyd pue mojjweans ¢ ajqel

States, 2002

26  Reconnaissance Data for Glyphosate, Other Selected Herbicides, Their Degradation Products, and Antibiotics in 51 Streams in Nine Midwestern



66 6L 879 ovl 00L0  TO/LT/ON €S
0ZZ 08 YiL 8¢ 00ZT  TO/LV/LO [4
I'1e T8 oL 6¢l 0TeET  TO/S0/90 IS UMOIPJQ TEAU JAATY BTNl IWT  0000¥TE0 L4/
Lz 08 019 0161 0001  T0/8Z/01 €S
99C 8L 9.9 0€TT 0011 T0/0¢/L0 S
Lz 6L 909 P80y SI01  TOM0/90 IS AQSTH 78 1oAY 010105 QOSPETEO 134
$'81 8L 88t c61 SOIT  Z0/10/01 €S
L'ST 9L 669 So1 0€60  T0/10/80 (4
£0T 18 L6S 18y 00T1  T0/£0/90 1S anakqreq 1e joo1) Aqre 31 00SOETZED (44
L8 6L TLL S 0081 20/92/01 €S
v'vT gL ¥08 [4 0011 CO/TE/LO s
981 L 029 LS 0011  Z0/%0/90 IS uopue[) 18 191y ASURIUSIO  000ETTED 154
781 €L 1Z¢ 881 0c0l1 Z0/10/01 €S
1474 gL L68 1z 0£60  TO/1E/LO Zs
60T 9L 19 8¥C 1€21  20/v0/90 q$0
60T oL 19 8¥T 0eel  TOM0/90 1S 199ds014 JEAU 19ATY 001S  00S61ZE0 ob
I'TY 08 90¢ 8L 00€T 70/9C/01 €S
vve (4] (344 0¢ 0021  TO/6T/LO [4)
00T 08 Ly 6L SII1  T0/50/90 1S A3pLIgYO0Y TBAU Y01 BAD  000LSTEO 3
oo
SEl €9 8yl 1ZL 000T  20/20/01 €S
T LrL LST 9651 0€60  TO/E1/90 (A
6'81 9L 874 95 0ecl T0/L0/S0 1S Amqure, 1eau 10AR] Anfg ST 000YS890 8€
€91 S8 T¢9 ¥e9 orgt 20/v0/01 q$
€91 ] €9 €9 00ET  TO/M0/01 €S
01T 08 00L 6£6 0060  TO/ST/91 Zs
0T 18 €8¢ 0671 0£s1 T0/L0/S0 1S uojsoureq Je 12ATy anfg 81 00OTSR90 LE
panuiuo)—eSeIqaN
(30} (saun (wa/gn) (s/ch) (1noy-pz) {read adky suieu ayg 1aquiny {1 '6y)
ameladws; PIEPURIS)  QOUEIINPUOD  mojpuvang awn  /Aep/qiuow)  aydwes uonesyuepr  saqunu
103ep Hd ayroadg DLIYRETTT G T PR ETTT B ays Aaning depy
jo aeg {enfojoen g’

panuiuog—z00Z ‘Selels UJaISampIpN sulu Ut SWeass |G Loy pa139]{00 sajdies Jajem 10§ paulwisiap satpadoid jeaisAyd pue mopjwesins "¢ ajqer

27

Supplemental Information



01¢ 9L 9L 766 S¥60  T0/0Z/60 €S

v '8 €49 96 0€Zl  TO/TV/LO s

(A 4 '8 €99 ¥96 62Z1  TO/ILO a4

9Ll 9L 128 809'C 00€T  T0/¥0/90 IS UOYFY T2 1aATY Y30 00SOLHSO 1s

$91 T8 65T 0599 OEIl  TO/ET/60 €S

Y L 081 00S'0€  SIZL  TO/LT/90 4y

$0z 68 e 0ST'L 0ET  T0/8T/SO 1S BPOOSIIA 12 JOATY WISUOOSIM  000LOYSO 0s

802 (4 44! 0z8'9 0TST  T0/£0/60 €S

YT 9L 861 0zT'L 0SII  TO/LT/90 (4

0ze 19 LT 00LVy 0€IT  TO/0Z/90 IS Sifed 101D 1S 18 JoATY XI0ID IS 00SOVESO (4

0€T 08 ¥18 6L OIlY  TO/£0/60 £S

Tre 09 058 £C OSIl  TO/9T/LO 4

9Ll 8L S8 68 ISE1  T0/€0/90 W

9Ll 8L T8 68 0SEl  T0/€0/90 IS ouoRy 1B 1AIY 1009 0YTLIO0V0 134

UISUOISIAA

142 LL 006'1 6€ 00€1  ZO/0E/0V €S

$9C SL S€0°1 9 0011  TO/ET/LO (4

€61 18 TLL S0l SITL  T0/8T/SO IS SSuruua[ 104 Jedu 10ATY ZE[3NY 00598110 Ly

£y LL S8L 96 1021 T0/90/11 o)

[ 4 LL S8L 9 00Z1  TO/90/T1 €S

L9T 6L SOL 061 0€ST  TO/ETILO 4

6Ll 8L 88¢ 16T 00L1  TO/6T/S0 s 124ANG Je IATY UGIL  000S81H0 14

601 VL 6€L ore 0080  Z0/LT/01 €S

8Ll SL 6EL e 1€01  TO/LL/LO )

8Ll SL 6€L 142 0€01  ZO/L1/LO (43

6'LI 08 6CL 09% 0SIL  T0/S0/90 IS LD o73ed 18 1oAY PEIN  006L92€0 87

PanupUO)—oNQ

(30} (snun {wafgri) {sfn)  (moy-pz)  (1eak adly aweu ayg laquinu {1 '6u)
aimesadway PJEPUBIS)  AJUBIONPUOD  mopuueang awn  /Aepipuow)  ajdweg uogeaynuapl  1dquinu

11ep Hd aoadg uoL93f|0)  U0NIa}o aus Aaning deyy

jo ajeg jeaifiojoag ‘s’

panuIu0)—z00Z ‘S81eIS UIBISBMPIN BuUlU Ul SWES)S |G WO PA1aj|0d sajdwes Jalem Joj pauiuuaep saiadosd [earsAyd pue mojjweans 'g ajqer

28 Reconnaissance Data for Glyphosate, Other Selected Herbicides, Their Degradation Products, and Antibiotics in 51 Streams in Nine Midwestern

States, 2002



Table 4. Statistical summary of streamflow and physical properties determined for water samples collected from 51 streams in nine

Midwestern States, 2002

[ft3/s, cubic feet per second; degrees C, degrees Celsius; pS/cm, microsiemens per centimeter at 25 degrees Celsius]

N
Streamflow or physical property :::;:::1 251 percentile Median 75" percentile 95" percentile Maximum
Pre-emergence runoff samples
Instantaneous discharge, in ft/s 51 291 605 2,210 7,360 20,800
Specific conductance, in pS/cm S1 398 569 641 825 1,140
pH, in standard units 51 7.6 78 8.1 85 8.9
Water temperature, in degrees C 51 16.5 18.9 213 24.5 254
Post-emergence runoff samples
Instantaneous discharge in ft’/s 52 88 429 1,403 6,840 30,500
Specific conductance, in uS/cm 52 468 571 701 897 1,050
pH, in standard units 52 7.6 79 8.1 85 9.1
Water temperature, in degrees C 52 23.0 24.5 259 27.7 29.5
Harvest-season runoff samples
Instantaneous discharge, in ft¥/s 51 74 162 431 3,459 6,820
Specific conductance, in uS/cm 51 438 616 746 846 1,900
pH, in standard units 51 7.6 8.0 8.2 8.7 8.8
Water temperature, in degrees C 49 7.1 13.5 18.0 20.8 23.0
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Table 6. Statistical summary of concentrations of selected herbicides and degradation products determined by laboratory
method analysis code GCS for water samples collected from 51 streams in nine Midwestern States, 2002

[All concentrations in micrograms per liter. MRL, method reporting limit; <, less than]

Numberof  Number at or 25th 5t ggth
Herbicide samples above MBL  percentile Median percentile  percentile Maximum
Pre-emergence runoff samples
Acetochlor 51 46 0.24 0.67 2.2 6.4 18
Alachlor 51 15 <.05 <.05 .06 98 6.0
Ametryn 51 0 <.05 <05 <05 <.05 <.05
Atrazine 51 51 96 42 14 39 48
Deethylatrazine 51 46 .09 33 .84 1.8 29
Deisoproplatrazine 51 39 .05 .19 .45 .89 1.8
Cyanazine 51 2 <.05 <.05 <.05 <.05 .08
Cyanazine amide 51 ¢ <.05 <05 <.05 <.05 <.05
Dimethenamid 51 35 <05 13 .59 3.6 4.7
Flufenacet 51 11 <.05 <.05 <.05 47 93
Metolachlor 51 . 45 13 75 2.5 4.6 8.7
Metribuzin 51 14 <.05 <05 .06 .36 .50
Pendimethalin 51 1 <.05 <05 <05 <.05 .06
Prometon 51 4 <.05 <.05 <.05 .06 37
Prometryn 51 0 <05 <.05 <.05 <05 <.05
Propachlor 51 0 <05 <05 <.05 <.05 <05
Propazine 51 27 <.05 .06 .16 28 .52
Simazine 51 24 <05 <05 23 18 7.4
Terbutryn 51 0 <.05 <.05 <.05 <.05 <05
Post-emergence runoff samples

Acetochlor 52 30 <05 .07 27 1.5 10
Alachlor 52 6 <.05 <.05 <.05 a7 1.7
Ametryn 52 3 <05 <05 <.05 .05 22
Atrazine 52 50 33 1.1 4.2 20 55
Deethylatrazine 52 50 14 37 .55 24 4.0
Deisopropylatrazine 52 43 06 18 .40 2.7 3.8
Cyanazine 52 1 <.05 <.05 <.05 <.05 .07
Cyanazine amide 52 0 <.05 <05 <05 <05 <.05
Dimethenamid 52 21 <05 <.05 .09 75 1.60
Flufenacet 52 9 <.05 <05 <.05 .67 1.60
Metolachlor 52 41 .05 21 .80 54 95
Metribuzin 52 7 <05 <.05 <.05 .11 18
Pendimethalin 52 1 <05 <05 <.05 <05 .16
Prometon 52 8 <05 <.05 <05 .16 22
Prometryn 52 0 <05 <.05 <.05 <.05 <.05
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Table 6. Statistical summary of concentrations of selected herbicides and degradation products determined by laboratory
method analysis code GCS for water samples collected from 51 streams in nine Midwestern States, 2002—Caontinued

Numberof  Number at or 25t 75t g5th
Herbicide samples above MRL  percentile Median percentile  percentile Maximum
Post-emergence runoff samples—Continued

Propachlor 52 0 <0.05 <0.05 <0.05 <0.05 <0.05
Propazine 52 14 <.05 <.05 .05 19 .29
Simazine 52 20 <.05 <.05 .08 .56 2.7

Terbutryn 52 0 <.05 <05 <.05 <05 <.05

Harvest-season runoff samples

Acetochlor 51 8 <.05 <05 <.05 23 28
Alachlor 51 1 <.05 <.05 <.05 <.05 7
Ametryn 51 2 <.05 <.05 <.05 <.05 .07
Atrazine 51 43 .06 12 26 .86 1.5

Deethylatrazine 51 40 .05 09 .14 47 93
Deisopropylatrazine 51 23 <.05 <05 .08 26 43
Cyanazine 51 0 <.05 <05 <.0s <.05 <.05
Cyanazine amide 51 0 <05 <.05 <.05 <.05 <.05
Dimethenamid 51 3 <.05 <.05 <.05 05 .08
Flufenacet 51 1 <05 <05 <.05 <05 13
Metolachlor 51 28 <.05 05 .13 44 .59
Metribuzin 51 1 <.05 <05 <.05 <.05 32
Pendimethalin 51 0 <.05 <05 <.05 <.05 <.05
Prometon 51 3 <.05 <05 <.05 .07 .10
Prometryn 51 0 <.05 <05 <.05 <05 <.05
Propachlor 51 0 <.05 <.05 <.05 <.05 <.05
Propazine 51 1 <.05 <.05 <.05 <05 .06
Simazine 51 6 <.05 <.05 <.05 12 .16
Terbutryn 51 0 <.05 <05 <.05 <.05 <.05
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