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EXECUTIVE SUMMARY

During the spring and summer of 1995, the
Commission conducted water quality surveys in
the lower half of the Ohio River Basin to
characterize the presence of atrazine and certain
other herbicides (a class of pesticides used to
control broad-leafed plants) in the main stem
and major tributaries. Primary objectives of the
survey were to determine the degree of water
quality degradation in the Ohio River caused by
atrazine, and to identify significant tributary
watersheds as sources of atrazine to the River.
Secondary objectives were to identify heavily
used herbicides in the lower Basin, characterize
water quality conditions with respect to certain
other herbicides (alachlor, mefolachlor, cyana-
zine, and simazine), and to evaluate the mmun-
noassay analytical technique. The entire effort
was conducted under the Commission’s Tribu-
tary Assessment Program. All study objectives
were met.

During the early 1990°s, the Commission
became aware of water pollution concerns in the
lower Basin regarding the herbicide atrazine as
a result of stream monitoring conducted by the
Louisville Water Company and the United
States Geological Survey. After reviewing this
data, it became evident that additional mforma-
tion was necessary concerning atrazine in
surface waters within the lower Ohio River
Basin. An initial survey was conducted in 1994
which provided information necessary to design
an efficient, comprehensive water quality sam-
pling program for 1995. The 1994 work
demonstrated the utility and cost effective
nature of the immunoassay analytical technique
which is performed in-house by ORSANCO
staff producing analytical results with defined
precision and accuracy.

Atrazine is the most heavily used herbicide in
the lower Ohio River Basin. An estimated 23
million pounds was applied to com and soybean
crops in lower Chio River Basin states in 1994,
Rounding out the top five pesticides in terms of
pounds applied to crops in 1994 in states within
the lower Chio River Basin include: metolachlor

(20 million Ibs./yr.), alachlor (13.8 million
Ibs./yr.), cyanazine (11.2 million Ibs./yr.), and
pendimethalinn (5.5 million Ibs./yr.). Atrazine
usage in the lower Basin has remained relatively
steady over the last five years, as well as cyana-
zine and simazine. At the same time, alachlor
usage has been steadily declining with methola-
chlor increasing to replace it.

Twenty-nine large direct tributaries to the Ohio
River were sampled every other week, and 10
Ohio River sites (located at drinking water
mtakes) were sampled weekly from April
through early July. The study was limited to the
lower half of the Basin from Cincimmati, OH to
the Mississippi River. A two-person field crew
traveled more than 1000 miles of Ohio River
shoreline over a three-day period, collecting
fributary samples from bridges and Chio River
samples at water intakes. Samples were brought
back to ORSANCO headquarters and analyzed
for atrazine in-house using magnetic particle,
enzyme-linked, immunocassay tests supplied by
Ohmicron.  These tests required multple
pipetting procedures to produce a color change
which is measured with a spectrophotometer.
Samples were analyzed in triplicate to minimize
error. More than 10 percent of samples were
analyzed by a contract laboratory using U.S.
EPA Method 507 (gas chromatography). These
“confirmation” samples also produced results
for alachlor, metolachlor, c¢yanazine, and
simazine.

Results from main stem sampling indicate amn
increasing trend in atrazine levels in a
downstream direction to the hghest levels
which are found at Cairg, IL. However, it
appears that an atrazine sink exists on the Chio
River somewhere between Henderson, KY and
Sturgis, KY as evidenced by consistently lower
concentrations at Mt. Vemon, IN and Morgan-
field, KY intakes. Ohio River atrazine concen-
trations occasionally exceed the drinking water
maximum contaminant level (MCL = 3 pg/L)
established to protect human health from long-
term exposure from water ingestion, based on
immunoassay results (which tend to be higher



than by GC methods). Peak atrazine concentra-
tions in 1995 were moderate as compared with
higher levels in 1993 and lower concentrations
in 1994, The times at which peak concentra-
tions occurred in the Ohio River changed
between locations, while initial detections
generally occurred in mud-April and tailed off
by the end of 1995. Such annual characteristics
of atrazine levels in the Ohio River are expected
to vary from year to year.

Atfrazine concentrations on certain tnibutanes
were occasionally quite high, with levels in
excess of 60 ug/L (20 times the MCL) on High-
land Creek. Tributaries inputting the greatest
quantities of atrazine to the Ohio River and their
relative contribution to the total loading were:
Wabash River (38 percent), Great Miami River
(11 percent), Little Wabash River (nine per-
cent), and Green River (seven percent). By far,
the Wabash River is the greatest source of atra-
zine (and possibly other pesticides and agricul-
turally related contaminants) to the Ohio River.
All sources upstream of Cincinnati, OH com-
bined accounted for 10 percent of the total atra-
zine loading in the Ohio. Only 14 percent of the
total Ohio River load was not accounted for in
the mass balance, an exceptional performance
when considering the number of small tributar-
ies which were not included in the survey.

Based on data from Evansville, IN water utility,
treatment with activated carbon was effective in
removing atrazine from source water. Evans-
ville has implemented a policy to add carbon
when atrazine levels in the Ohio River exceed
half the MCL (1.5 ug/L). Data also indicate that
routine, standard surface water treatment
scenarios are generally ineffective toward atra-
zine removal (i.e., no carbon treatment).

In addition to atrazine, confirmation samples
were analyzed for alachlor, metolachlor, cyana-
zine, and simazine. The cyanazine MCL was
exceeded in approximately 20 percent of the
raw water confirmation samples. None of the
other pesticides exceeded their drinking water
MCL in untreated water samples. The average
composition of 49 confirmation samples analyz-
ed for the five herbicides was as follows: atra-

zine (61 percent), cyanazine (15 percent),
metolachlor (11 percent), simazine (11 percent),
and alachlor (two percent).

The immunoassay analytical technique consist-
ently produced atrazine results mgher than by
U.S. EPA Method 507 (by GC). For samples
with atrazine concentrations at or below 5 pg/L,
results by the immunoassay on average were
approximately 0.7 ug/l higher than by gas
chromatography. A correlation of atrazine con-
centrations produced by the immumoassay
method versus the GC method resulted in a cor-
relation coefficient (r} of 0.85 indicating a
strong relationship. In light of costs per sample,
$20 for immunoassay tests and $150 for results
by GC, the immunoassay technique appears to
be a desirable method for certain applications.

Recommendations

1. Monitor trends in pesticide use and replace-
ment products to identify emerging water
quality issues.

2. Install a long-term monitoring station for
atrazine at Cairo, IL.

3. Provide early waming to water utilities con-
cerning pesticide levels in the source water.

4. Facilitate exchange of information between
water utilities conceming effective treat-
ment techniques for pesticides.

5. Consider/prioritize watersheds for state non-
point source control programs regarding
pesticide reductions.

INTRODUCTION

Throughout the lower Ohio River Basin, an
estimated 70 million pounds of five herbicides
— afrazine, cyanazine, simazine, zlachlor, and
metolachlor — were applied to crops in 1994.
Particularly during spring and summer, large
quantities of these substances are transported,
by munoff and atmospheric deposition, to
streams which ultimately flow to the Ohio
River. At the same time that these herbicides
are found in the Ohio River and many of its
tributaries, over one million people consume tap
water supplied by utilities which use the lower
Ohio River as a raw water source. Some of



these herbicides have been classified as
probable or possible carcinogens and are
regulated under the federal Safe Drinking Water
Act (SDWA). While routine drinking water
treatment technologies are relatively meffective,
substantial removal of herbicides can be
achieved with carbon. However, most drinking
water utilities along the Ohio River do not
routinely apply carbon treatment (although most
utilities have the capability) and are unaware of
the times at which high levels of these
herbicides are present in the source water. This
is partially due to the SDWA which requires
momtoring by water utilities at & frequency
imsufficient to identify concentrations of
concern (some utilities monitor for pesticides in
their source water on a routine basis). As a
result, populations are exposed to some level of
pesticides through their drinking water. The
problems are similar, if not worse, throughout
other waters in the Com Belt region of the
United States.

During the early 1990°’s, the Commission
became aware of the presence of herbicides in
the lower Ohio River as a result of sampling
efforts by the Louisville Water Company and
the United States Geological Survey. A number
of commonly used herbicides were detected
frequently, sometimes at high levels, at certain
stations within the watershed. Of those moni-
fored and detected, atrazine was found to be of
most concern due both to its frequent detections
and concentrations with respect to its drinking
water Maximum Contaminant Level (MCL).
As a result, the Commission conducted a pre-
liminary water quality survey in 1994, which
included a one-time sampling of 60 tributaries
and 13 water intakes from Huntington, WV to
Cairo, IL (River Miles 300 to 981). Results
indicated that only a handfu] of tributaries, those
with the greatest flows, had an identifiable
impact on Ohio River atrazine levels. Results
also indicated that a small percentage of the
total Ohio River atrazine load originates from
sources upstream of Cincinnati (River Mile
460). With these observations in mind, a com-
prehensive sampling program was organized for
the spring/summer of 1995 as described below.

Objectives

This report details what is known about
prevalent herbicides use in the lower Ohio River
Basin, their occurrence in the Ohio River at
selected drinking water intakes, a2 determination
of the prominent tributary sources to the Ohio
River, and an assessment of the performance of
the magnetic particle, enzyme-linked, immuno-
assay analytical technique. A water quality sur-
vey was conducted imn 1995 with two primary
objectives in mind.

1. Characterize atrazine levels in the Ohio
River during the spring and early summer
when annual peak concentrations are
expected.

2. Determine which tributaries represent the
largest atrazine sources to the Ohio River.

Secondary objectives were to evaluate the
immunoassay technique in relation to results
achieved by U.S. EPA approved gas chromato-
graphy (GC) methods, and to obtain water
quality data on other commonly used pesticides.

Scope

While the survey was focused on atrazine,
confirmation samples analyzed by gas chroma-
tography also provided results for cyanazine,
simazine, alachlor, and metolachlor. The survey
was conducted from April through early July of
1995. Samples were collected weekly from 10
drinking water intakes and every other week
from 28 tributaries from Cincinnati to the
Mississippi River. In the process of conducting
this survey, more than 7000 miles of shoreline
were traveled, more than 400 water samples
collected, and some 2000 individual analyses
performed in-house using the magnetic particle,
enzyme-linked immunoassay techmque. Analy-
tical costs for the survey were reduced, from
$140 to approximately $20 per sample, through
the use of the immunoassay technique. The
investigation could not have been completed
otherwise.

The Commission

The Ohio River Valley Water Sanitation
Commission (ORSANCO) 1s an interstate water
pollution control agency that was established as



a provision of and to implement the Ohio River
Valley Water Sanitation Compact, signed in
1948 by the govemors of Illinois, Indiana,
Kentucky, New York, Ohio, Pennsylvania,
Virginia, and West Virginia. The Commission
consists of three members from each state,
appointed by their respective govemors, and
three members representing the federal govern-
ment appointed by the President A guiding
principle of the Compact is that pollution
originating in one state shall not injuriously
affect the waters of another state. ORSANCO
manages and operates programs for water
quality monitoring and assessment, assists in
emergency responseé management, has estab-
lished pollution control standards for the Ohio
River enforcing them when necessary, and
facilitates interstate cooperation and coordina-
tion through an extensive committee structure.
Because of the interstate nature of current water
quality problems and sources of pollution con-
ceming pesticides in the lower Chio River
Basin, the Commission was uniquely position-
ed, and thus implemented this survey.

The Basin

The Chio River Basin encompasses portions of
14 states in an area of more than 200,000 square
miles, which constitutes over five percent of the
total United States land mass (Fig. 1). The Chio
River itself, formed in Pittsburgh at the conflu-
ence of the Allegheny and Monongahela Rivers,
is 981 miles long and flows through or borders
six states — Illinois, Indiana, Kentucky, Ohio,
Pennsylvania, and West Virginia. Over 25
million people reside in the Ohio River Basin,
or approximately 10 percent of the total U.S.
population. Of these, nearly three million
people use the Chio River as a source of drink-
ing water. The Chio River conjoins with the
upper Mississippi River at Cairo, IL and
provides approximately two-thirds of the total
flow of the Mississippi River at the confluence.
As such, the Chio River watershed may have a
substantial influence on water quality of the
lower Mississippi River, and subsequently the
Gulf of Mexico.

From an economic standpoint, approximately
600 businesses employing 35,000 people with a
combined annual payroll of $1 billion, are
directly dependent on the Ohio River. Electric
utilities using the Chio River constitute over
five per-cent of the nation’s power generating
capacity, while an estimated $43 billion in
commodities are transported annually along the
River system. Festivals and special events
generate an estimated $100 million annually in
communities along the River, including an
increasing number of fishing and boating
events. More than 100 species of fish live in the
Ohio River. Given these important attributes, it
is clear that protection and improvement of the
water quality of this great resource is vital to the
health and economic prosperity of the region
and the nation.

HERBICIDE USE AND HUMAN
HEALTH IMPLICATIONS

Herbicide Usage

Herbicides are used extensively throughout the
lower Ohio River Basin to control weeds in
croplands.  Afrazine, metolachlor, alachlor,
cyanazine, and simazine are five of the most
heavily used pesticides within the Basin (see
Table 1). Nationally, 84 percent of all com
acreage receive at least one of these five herbi-
cides and 5] percent is treated with two or
more". In the states that make up the lower half
of the Basin (CH, IN, KY, IL), these five herbi-
cides accounted for an estimated 70 million
pounds applied to comn and soybeans in 1994,
over 65 percent of the total pesticides applied to
these two crops™. Corn and soybeans are the
predominant crops in this region, with approxi-
mately 80 percent of the crop land being used
for the production of corn and soybeans™.

*Pesticide use statistics calculated using the agncultural
chemical use and county crop acreage reports for com and
soybeans provided by the Agncultural Statistics Services
of OH, XY, IN, IL and pesticide sales data from the XY
Division of Pesticides.
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Ranking Pesticide in 1000 Ibs.
1 Atrazine 23850
2 Metolachlor 20071
3 Alachlor 13772
4 Cyanazine 11259
5 Pendimethalinn 5461
6 Glyphosate 3504
7 2,4-D 2851
8 Bentazon 2564
9 Chioryrifos 2154

10 Dicamba 1816
11 Trifluralin 1604
12 Acetochlor 1474
13 EPTC 1460
14 Terbufos 1302
15 Simazine 1149

Table 1. The 15 most used pesticides in the lower Chio
River Basin states (OH, IN, IL, KY) for corn and

soybeans-1994  (Figures

include  quantities

apphied outside the Ohio River Basin).

O Less than 24 Ibs / sq. mile / year

O 24 - 138 1bs / sq. mile / year

@ Greater than 138 1bs / sq. mile / yea

ILLINOIS

Atrazine, registered in 1958 by Ciba Corpora-
tion, is from the triazine family of herbicides. It
is used as a pre-and post-emergent herbicide for
corn to control broad-leaf and grassy weeds.
Atrazine is the most commonly used herbicide
in the Basin with an estimated 11.6 million
pounds applied in 1994, Within the Basin,
atrazine is used most heavily in the central
portion of Indiana and southeast section of
Mlinois (Fig. 2). Nationally, 66 percent of all
corn 1s treated with atrazine’”, while the per-
centage of corn acreage treated in the Basin is
considerably higher. In the lower Basin states,
between 81 percent and 91 percent of all corn is
treated with atrazine.

Figure 2. Atrazine Usage in the Lower Ohio River Basin (1993)
(Quantities may be based on datz other than actual use, such as sales data).



In the past four years atrazine usage has
remained fairly steady (Fig. 3) despite the
manufacturer’s reduction of the recommended
application rate. Since 1989, the recommended
application rate has decreased from 4.0
lbs./acre/yr. to a range between 1.6-2.5 lbs./
acre/yr. depending on soil characteristics®. De-
creasing the recommended application rates has
had little effect on atrazine applied within the
Basin because most com growers in the Basin
apply atrazine at rates below the manufac-
turer’s reduced recommended rate. All four of
the lower Ohio River Basin states have average
application rates below the recommended rate™.

In recent years, metolachlor has seen a steady
increase in usage. In the last five years metola-
chlor usage in the Ohio River Basin has
increased 32 percent from an estimated 7.2
million pounds in 1990 to 9.5 million pounds m
19947, (Fig. 3) Metolachlor has become the
substitute for alachlor m areas where alachlor
has been banned®, and appears to be replacing
alachlor in the Basin as well.

12,000,000
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10,000,000 1991
& 1992
1993
8,000,000
S
g L
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B 1
=
g 4,000,000
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Figure 3. Total Herbicide Usage in the Lower Ohio River Basin (OH, KY, IN, IL}~.

Metolachlor, an acetanilide herbicide, was first
produced in 1976 by Ciba Corporation. It is a
pre-emergent pesticide used to control weeds in
com and soybeans. Metolachlor, commonly
referred to as Dual, is the second most heavily
used herbicide in the lower Ohio River Basin
with an estimated 9.5 million pounds applied in
1994. Among the lower Basin states, the per-
centage of com acreage treated ranged from 28
percent to 37 percent and for soybeans from two
percent to 21 percent!”.

Alachlor, an acetanilide herbicide, is the third
most used herbicide in the lower Ohio River
Basin with over 6.6 million pounds applied in
1994 to com and soybeans'”. The acetanilide
herbicide was first introduced by Monsanto in
1969 under the trade name Lasso. It is primar-
ily used as a pre-emergent pesticide to control
grasses and broad-leaf weeds in com and soy-
beans. Within the Basm, the percentage of com
acreage treated ranged from 14 percent to 35
percent, and for soybeans between five percent
and 17 percent. In recent years, the use of ala-
chlor has significantly declined in the lower
Ohio River Basin (Fig. 3). Usage has gone from



an estimated 10.3 million pounds in 1990 to 6.6
million pounds in 1994, nearly a 36 percent
decrease™.

Cyanazine, commonly known as Bladex, is also
from the triazine class of herbicides. It was
developed by DuPont in 1971 for use on com to
control broad-leaf and grassy weeds. Cyanazine
is the fourth most heavily used herbicide in the
lower Ohio River Basin with an estimated
annual usage in 1994 of 3.1 million pounds.
The percentage of corn acreage treated with
cyanazine within the lower Basin states ranged
from 21 percent to 22 percent’”.

For the past several years, cyanazine usage
within the lower Ohio River Basin has remained
relatively steady (Fig. 3). However, recently the
U.S. EPA announced that an agreement was
reached with DuPont Agricultural Products to
completely phase out cyanazine. A special
review of cyanazine was in progress by the EPA
due to concern that chronic exposure may pose a
cancer risk. The manufacturer chose to with-
draw cyanazine from the costly review process
and voluntarily phase out the herbicide. The
phase out will begin by reducing the manufac-
turer’s recommended application rates. All
sales and distribution by DuPont will be banned
after December 31, 1999. Retailers will be per-
mitted to sell existing stocks through September
1, 2002, with all use prohibited after December
31, 20029,

Simazine is a triazine herbicide developed by
Ciba Corporation in 1956. Simazine, commonly
known as Princep, is a pre-emergent pesticide
used to control broad-leaf weeds and grasses in
corn, fruits and vegetables. The herbicide is
also used on lawns to control weeds, and as an
algaecide in ponds”. The percentage of com
acreage treated with simazine in the lower Ohio
River Basin states ranged from two percent to
18 percent. Simazine usage has not signifi-
cantly changed (see Fig. 3) in Ohio and
Kentucky (the only two Basin states with suffi-
cient simazine data) in the past four years with
490,000 pounds applied in 1991, as compared to
465,000 pounds in 1994,

One key similarity among all five of these herb-
icides is persistence in the environment. Factors
such as solubility, half-life in soil, and organic
carbon partition coefficients (K,.) are important
for understanding the transport and fate of these
herbicides in a riverine system. Becker and
Associates found herbicides with solubilities
greater than 30 mg/L, K, less than 300, and
half-lives in soil longer than 21 days to be
mobile and persistent in water'®.  Atrazine
meets all three criteria (see Table 2), and has
been found to persist in soils and water for up to
a year after application’®. Cyanazine and ala-
chlor also may remain in soils and water up to
one year. Though simazine is fairly insoluble at
6.2 mg/L, residues have been found to remain in
soils for three years after application. Metola-
chlor has the shortest life in the environment,
lasting weeks to months in soil®.

Herbicide Solubility, | Soil Half-Life | K,
mg/L days

Atrazine 33 60 100

Cyanazine 170 14 190

Alachlor 240 15 170

Simazine 6.2 75 138

Metochlor 530 20 200

Table 2. Physical characteristics of atrazine, cyana-
zine, alachlor, simazine, and metolachiort®,

Human Health Concerns

Atrazine is considered a possible human car-
cinogen. It has been found to cause tumors in
mammary glands and other reproductive organs
in laboratory animals. Some epidemiological
studies indicate a possible association between
atrazine exposure and occurrence of lym-
phomas, leukemias, and ovarian cancer in
humans®®.  Other epidemiological studies
suggest atrazine exposure may cause cardiac,
urogenital and limb reduction birth defects™.
Due to human health concems, atrazine is
banned in several European countries.

Both the Maximum Contaminant Level (MCL)
and the Maximum Contaminant Level Goal
(MCLG) have been set at 3 ng/L for atrazine.




An MCL is an enforceable drinking water stand-
ard established under the federal Safe Drinking
Water Act. It is the maximum allowable level
of a contaminant in finished drinking water.
MCLs take into account both human health and
the ability of removal technologies to provide
effective treatment. An MCLG is a non-
enforceable concentration of a drinking water
contaminant that is protective of adverse human
health effects allowing for an adequate margin
of safety. The MCL and the MCLG for atrazine
are not based on the carcinogenicity of the
herbicide, but rather its potential to cause other
non-cancer related health problems such as birth
defects.

Metolachlor is considered to be a possible
human carcinogen. Exposure to metolachlor
has been found to increase the incidence of lung
tumors in laboratory rats®’. An MCL of 100
pg/L has been proposed and is currently under
review, however no drinking water standard for
metolachlor currently exists.

Alachlor is banned in Massachusetts, Canada
and the Netherlands due to human health con-
cemns. The EPA classifies alachlor as a probable
human carcinogen. In laboratory studies ala-
chlor exposure resulted in an increased inci-
dence of lung tumors in mice and stomach,
thyroid and nasal tumors in rats®>. An MCL of
2 ng/L has been established for the protection of
human health. The MCLG for alachlor, as with
all carcinogens 15 0 pg/L.

Cyanazine is classified as a possible human car-
cinogen. An MCL of 1 pg/L has been proposed
for cyanazine. The EPA has deemed cyanazine
a developmental toxicant and teratogen, and
requires all herbicides containing cyanazine to
bear a warning label. In laboratory tests, cyana-
zine has been found to cause eye abnormalities,
malformations of the diaphragm and brain, cleft
palates, and altered skeletal development™.

Simazine is considered by the EPA as a possible
human cancer risk. Laboratory tests on rats
have shown simazine exposure can cause
tumors in mammary glands, pituitary, kidneys,

and liver'”. The current MCL and MCLG for
simazine is 4 pg/1.

SAMPLING PROGRAM

Samphng was conducted at 10 Ohio River
locations and 29 of the largest tributaries to the
Ohio River within the lower half of the Ohio
River watershed from Cincinnati, OH to Cairo,
IL (Fig. 4, Table 3). Ohio River samples were
collected from water supply intakes because
atrazine is a human health concern with
drinking water as the main route of exposure.

Samples were collected weekly from Ohio River
intakes and every other week on tributaries from
April 10 through July 5, 1995. This sampling
frequency amounted to a total of seven samples
from each tributary and 13 samples from each
Ohio River location over the sampling period.
Originating in Cincinnati, a two-person field
crew traveled down-river by vehicle, collecting
tributary surface grab samples from bridges and
intake samples from raw water taps at drinking
water treatment facilities. Tributary samples
were collected far enough downstream to
measure the largest portion of the watershed,
but upstream far enough from the Ohio River to
be outside the Ohio/tributary mixing =zone.
Completed every other week, 1000 miles of
shoreline was traveled collecting these samples
over a three day period. During alternate weeks,
water utility personnel collected the intake
sample and refrigerated it until the ORSANCO
field crew would pick it up the following week.

ANALYTICAL PROCEDURE

All water samples were analyzed in-house by
the magnetic particle, enzyme-linked, immuno-
assay technique supplied by Ohmicron Corpor-
ation. Immunoassays are used extensively in
the medical field where it is estimated that over
one billion clinical tests are performed annually
in the United States. Test kits to measure con-
centrations of certain compounds in water utiliz-
ing this technology are available from a number
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Sampling Location Ohio River Mile State Station Sampling
Site (Confluence if tributary) Type Frequency
1D
1 | Cincinnati WTP 462.8 OH | Ohio River Weekly
2 | Little Miami River 463.5 OH | Tributary Biweekly
3 | Licking River 470.3 KY | Tributary Biweekly
4 | Great Miami River 491.0 OH | Tributary Biweekly
5 | Whitewater River 491.0 IN | Trbutary Biweekly
6 | Tanners Creek 494.8 IN | Trbutary Biweekly
7 | Laughery Creek 498.7 IN | Tributary Biweekly
8 | Kentucky River 545.8 KY | Tributary Biweekly
9 | Little Kentucky River 546.6 KY | Trbutary Biweekly
10 | Harrods Creek 595.9 KY | Trbutary Biweekly
11 | Louisville CH WTP 600.6 KY | Ohio River Weekly
12 | Silver Creek 606.5 IN Tributary Biweekly
13 | New Albany WTP 609.0 IN | Ohio River Weekly
14 | Salt River 629.9 KY | Tributary Biweekly
15 | Otter Creek 636.5 KY | Tributary Biweekly
16 | Indian Creek 657.0 IN | Tributary Biweekly
17 | Blue River 663.0 IN | Tributary Biweekly
18 | Anderson River 7314 IN | Tributary Biweekly
19 | Little Pigeon Creek 772.9 IN | Tributary Biweekly
20 | Green River 784.2 KY | Tributary Biweekly
21 | Evansville WTP 791.7 IN | Ohio River Weekly
22 | Pigeon Creek 792.9 IN | Trbutary Biweekly
23 [ Henderson WTP 803.2 KY | Ohio River Weekly
24 | Mt. Vernon WTP §29.2 IN | Ohio River Weekly
25 | Morganfield WTP 839.9 KY | Ohio River Weekly
26 { Highland Creek 841.8 KY | Tributary Biweekly
27 | Wabash River 848.0 IL/IN | Tributary Biweekly
28 { Little Wabash River 848.0 IL. | Tributary Biweekly
29 [ Saline River 867.4 IL | Tributary Biweekly
30 | Sturgis WTP 871.3 KY | ChioRiver Weekly
31 [ Tradewater River 873.4 KY | Tributary Biweekly
32 | Crooked Creek 877.7 KY | Trbutary Biweekly
33 | Deer Creek 893.0 KY | Tributary Biweekly
34 | Cumberland River 9204 KY | Tributary Biweekly
35 | Tennessee River 934.5 KY | Tributary Biweekly
36 | Paducah WTP 935.5 KY | Ohio River Weekly
37 | Post Creek Cutoff 957.7 IL | Tributary Biweekly
38 | Cairo WTP 977.8 IL | Chio River Weekly
Table 3. Sampling Locations
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of suppliers. The Ohmicron kits were selected
to provide continuity between ORSANCO’s
results and data generated by Louisville and
Evansville water utilities which also use Ohmi-
cron products. These Ohio River water ufili-ties
conduct frequent atrazine analyses on the Ohio
River, therefore, the wuse of compatible
equipment was a distinct advantage. Data from
these utilities are used in this report to provide a
long-term perspective to intensive survey data
collected by ORSANCO.

The analytical procedure for determining atra-
zine concentration in water is fairly simple,
requiring little analytical expertise. First, a
water sample is added to a test tube which has
antibodies fixed to its inside walls. Enzymes
and magnetic particles are then added to the test
tube and a reaction occurs whereby the atrazine
and magnetic particles attach to the test tube
wall. The test tube is then inserted into a
magnetic field such that the atrazine, along with
the magnetic particles, are tightly bound to the
“inside wall of the test tube. The test tube is then
rmsed to remove all other substances not of
interest. A catalyst is then added to cause a
color reaction, and a stopping agent then halts
color development at the appropriate time. The
amount of color is then measured with a
spectrophotometer. This was performed simul-
taneously on water samples of unknown atrazine
concentration, as well as on several samples of
known atrazine concentration to build a standard
curve. The color of the unknowns are then
compared against the color of the known
samples to determine actual concentrations.
Approximately 50 unknown samples can be
analyzed in one batch, taking approximately two
hours by this method.

The linear working range of the immunoassay
test 1s from 0.05 pg/L to 5.0 pug/L. This is
established with a number of standards of
known concentration which are analyzed with
each batch. These knowns are used to establish
a linear standard curve with color intensity
versus concentration. Samples with concentra-
tions above 5 pg/L are outside of the linear
working range of the standard curve. These
samples must be diluted to below 5 Lg/L such
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that the standard curve with a known relation-
ship of color intensity to atrazine concentration
can be applied to determine the actual concen-
tration.

The manufacturer has built its own quality
assurance performance requirements into the
test. Samples of known concentrations which
are used to build the standard curve are analyzed
in duplicate, and the test results must be within
a certajn tolerance for the batch run to be
accepted. In addition to the manufacturer’s
quality assurance procedures, ORSANCO staff
analyzed each sample in triplicate to minimize
the effects of human error inherent to perform-
ing the test. Much pipettng is required, along
with other test procedures, which affect test
results. The manufacturer has indicated that
consistent pipetting technique is important to
achieve repeatable, accurate results. Therefore,
samples were analyzed in triplicate, where each
of the triplicates was contained in separate
baiches. Then, the median value of the three
runs was assumed to be the most representative
result, and this value is used in the results
section of the report. It was believed that this
procedure would minimize human error. Field
blanks and duplicates were also analyzed.

Because the manufacturer indicates that “gross”
suspended solids can interfere with test resuits,
each sample was filtered in the laboratory prior
to performing the test. Disposable 0.2 pum
inorganic membrane filters, which attach to a
syringe, were used to filter water samples.
Several filtered and unfiltered samples were
analyzed together, and no significant differences
in results were found, even though samples were
continually filtered throughout the analytical
process. Early in the swrvey, samples were
filtered in the field wsing Gelman 0.45 um
ground water capsules. Side by side analyses of
filtered and unfiltered samples indicated that
atrazing was being removed from the water
sample by the Gelman filter. The use of these
filters was itmmediately discontinued. No
survey data was lost because an unfiltered
sample was always collected to be analyzed
along with the filtered sample. Had this
procedure not been implemented, inaccurate



results, lower than actual atrazine concentra-
tions (a type 2 error), would have been reported.

Analytical results by the immunoassay tech-
nique generally produce atrazine concentrations
which are higher than GC confirmation analyses
by U.S. EPA Method 507. This is probably
caused by cross-reactivity in the immunoassay
technique. Cross-reactivity occurs when the
immunoassay test measures other triazine com-
pounds (cyanazine, simazine), or atrazine meta-
bolites (degradation byproducts of atrazine) as
atrazine itself. These compounds are almost
always present in water samples along with
atrazine. Another possible explanation of why
Immunoassay results are usually higher than GC
results is that some atrazine is lost during the
extraction process of the GC methods. Because
the manufacturer of the immunoassay test
recognizes inaccuracies due to cross-reactivity,
and because other triazine compounds were
measured in water samples collected in this
survey, cross-reactivity is a viable explanation.
Losses due to extraction in the GC methods may
also contribute to differences between methods.

There are a number of advantages, and some
disadvantages to the immunoassay technique.
The primary disadvantage would be the accu-
racy of the test. If there is a need for results that
are accurate to less than one part per billion, it
might be advisable to utilize GC methodologies.
Such inaccuracies can be reduced by analyzing
each sample in triplicate, but this results in sub-
stantial additional costs and time requirements.
Another disadvantage of the test is its upper
range of 5.0 ng/L. Samples with concentrations
above this upper limit must be diluted, thus
introducing additional potential for error.

A major advantage of the test is its low cost, at
least one-tenth of the cost to have a contract
laboratory perform the analyses. In addition,
little training is required to perform the test,
results are available quickly, littie sample prepa-
ration is required, and the test is highly sensi-
tive. The low cost nature of thus test enabled
ORSANCO to conduct the survey, thus the
benefits outweighed the disadvantages associa-
ted with this analytical techmique. Another
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advantage of the immunoassay is its sensitivity
with detection levels of 0.05 pg/L (according to
the manufacturer). In actuality, quantifiabie
levels may be somewhat higher.

RESULTS

The quantitative results presented in this report
were generated by the immunoassay analytical
technique described in the previous section.
The immunoassay technique generally produces
results with higher concentrations than those
produced by U.S. EPA approved GC Method
507. For samples where GC confirmations were
performed, the mean atrazine concentration by
the immunoassay method was 0.66 pg/L higher
than the mean GC confirmation by U.S. EPA
Method 507. The Quality Assurance section of
this report provides more detail concerning the
issue. Most of the results presented in this
report were generated by the immunoassay
method. Appendix A contains the survey data.
Atrazine data presented in this section represent
the median value of the immunoassay test run in
triplicate on the same water sample in separate
batches.

Data from several sources are used in this
section, but are primarily from samples
collected in conmjunction with the ORSANCO
survey and analyzed in triplicate by the
immunoassay technique. Atrazine data from
Louisvilie and Evansville water utilities on the
Ohio River are used in this report. Both entities
use the same immunoassay test that is used by
ORSANCO, and results generally seem to be
comparable. With the exception of those data
which are presented to provide a long-term per-
spective on results of this survey, the data in this
report were collected in the spring and early
summer of 1995. Appendix A contains tables of
all atrazine data generated by ORSANCO
during this survey and also provides summary
statistics. Results from each of three separate
analyses are presented as maximum, median,
and minimum atrazine concentration. The
median value is wused in the following
assessment to minimize inaccuracies inherent to
the test methodology.



Atrazine in the Main Stem

Figure 5 is a longitudinal representation of atra-
zine concentrations in the lower Ohio River,
resulting from 13 weekly rounds of sarnpling at
10 water intakes from April through early July
1995. This graph shows the distribution of
atrazine concentrations over the survey pertod.
Atrazine concentrations fluctuated substantially
over the 13 week period from a low of near zero
to aimost 4 pg/L at Cairo, JL. The average atra-
zine concentration over the period generally

increased in a downstream direction from
approximately 1 part per billion (ppb) at
Cincinnati, OH to 2.5 ppb at Cairo. An anomaly
in this downstream trend occurs at the Mt
Vernon, IN and Morganfield, KY intakes,
located between Ohio River Mile Points 829
and 840. An explanation for this anomaly is not
evident. There may be an atrazine sink in this
segment of the River, or the sampling locations
may not be representative of actual conditions.
Most of the individual sampling rounds possess
longitudinal curves of atrazine concentration
that are the same shape as the average curve.

q
g o yb #s
30 1

Average Concentration

Atrazine Concentration, ug/L

@
. 1 B
700 600 500
Ohio River Mile
Cairo Evansville Louisville Cincinnati

Figure 5. Atrazine Concentrations in the Ohio River (April - July, 1995)
(Sampling tocations are referenced by number in Table 3).



Figure 6 represents temporal changes in atrazine
concentration, from April to early July, for each
of 10 Ohio River mtakes where weekly samples
were collected. The three most upstream in-
takes exhibit virtually the same shape. Atra-
zine concentrations stay near zero umtil early
May, mcrease steadily and peak at the beginning

of June, tail off slightly through the end of JTune,
and begin to increase in July. Based on immu-
noassay results, concentrations peak approxi-
mately one ppb below the MCL at all three of
these most upstream intakes in the study.
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Figure 6. Temporal Change in Maiustem Atrazine Concentrations.
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With the exception of- Morganfield, and to a
lesser extent Mt. Vemon, the other intakes
possess a similar shape characterized by a spike
in mid-April. A second sharp increase occurs
during mid-May and these higher concentrations
are generally sustained throughout the
remainder of the survey. The three most
downstream intakes exhibit almost identical
characteristics. These in-takes are downstream
of the Wabash River, a major source of atrazine
to the Ohio River. Based on immunoassay
results, atrazine concentrations remain above 3
pg/L at Cairo for extended periods of time,
while concentrations at Paducah and Sturgis

Atrazine concentrations in the Ohio River are
not constant on a yearly basis. Peak
concentrations in the spring of 1995, may not at
all be indicative of peak concentrations during
1996. Figure 7 presents long-term, fixed station
atrazine monitoring data from Louisville and
Evansville water intakes on the Ohio River.
ORSANCO monitoring data for 1995 is also
overlayed on the graphs to place some perspec-
tive on 1995 results. It is immediately discemn-
ible that 1995 Ohio River atrazine concentra-
tions, at both Louisville and Evansville, were
moderate in comparison to concentrations which
were lower in 1994 and higher in 1993. Peak

occasionally reach the MCL. atrazine concenfrations occurred at quite
different times
Ohio River at Louisville
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Figure 7. Temporal Changes in Atrazine from 1993 through 1995 at Louisville and Evansville
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between the three years, from the end of July in
1993, to early May in 1994. Low-level atrazine
detections begin to occur in mid to late April,
and tail off toward the end of December. While
peak concentrations tend to vary substantially,
the beginning and ending pomts for atrazine
detections in the annual cycle tend to be more
consistent from year to year.

In terms of trend identification, three years of
data is certainly not enough to ascertain any
trend in peak concentration or amount of time
atrazine is detected from one year to the next.
However, it is evident that peak concentrations
decreased between 1993 and 1994, then increas-
ed from 1994 to 1995. Continued long-term
monitoring of atrazine in the Ohio River must
occur in order to detect any long-term trends.

Tributary Sources of Atrazine

The 29 largest tributaries to the Ohio River were
sampled every other week to determine the
major sources of atrazine in the mam stem.
Figure 8 displays the range of concentrations
found during seven rounds of sampling. While
more than half of the tributaries had maximum
atrazine concentrations below 5 pg/L, 25 per-
cent of those sampled had maximum levels
above 20 pg/L. The maximum concentration
measured was approximately 60 pg/L in High-
land Creek in Kentucky, which is 20 times
higher than the drinking water MCL of 3 pg/L.
Fortunately, this tributary is one of the lowest
flow streams included in the survey, thus its
impact on the Chio River is not great. Tribu-
taries entering the Ohio River on its north shore
have noticeably higher atrazine concentrations
than those entering from the south.
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Figure 8. Atrazine Concentrations of Major Ohio River Tributaries (April - July, 1995)
(Sampling locations are referenced by number in Table 3).
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While concentrations are of concem on tribu-
taries, especially in streams used as a source for
public water supply, mass loading (i.e., 1bs. per
day) is used to evaluate the relative importance
of tributaries as sources of atrazine to the Chio
River. Mass loading (or mass flux) considers
both concentration and stream flow as these
parameters determine the amount of atrazine
influx per time to the Ohio River from tributar-
ies. Figure 9 shows the average cumulative
atrazine mass loading from seven rounds of trib-
utary sampling along with the average atrazine
mass flux in the Ohio River. The stacked bars
represent the cumulative mass input from
tributaries to the Ohio River and the line
represents the flowing atrazine load in the Ohto
River. The clear portion of the stacked bar
represents the cumulative load to the Ohio from
all upstream tributaries sampled, while the dark
portion bar represents the atrazine mass influx
from that tributary.

From Figure 9, it is evident that major atrazine
sources to the Ohio River include the Great
Miami River (Site ID #4), Green River (Site ID
#20), Wabash River (Site ID #27), and the Little
Wabash River (Site ID #28). This analysis also
provides a mass balance accounting of atrazine
in the system. In a perfect mass balance
accounting, the tops of the stacked bars would
be of equal height with the line. It is clear from
the figure that the mass balance accounting is
near perfect from Cincinnati to Evansville. This
would suggest that the survey accurately
characterized the system in terms of atrazine for
that segment of the River. Then the only
decrease in the main stem atrazine curve,
occurring below Evansville, would suggest an
atrazine sink. An alternative hypothesis is that
the hydraulics of the system result in sampling
sites which are not representative of the entire
River at that point. Because the decrease occurs
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Figure 9. Average Cumulative Atrazine Loadings to the Ohio River (April - July, 1995)
(Sampling locations are referenced by number in Table 3).
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at two stations which are 10 miles apart, and
because the decrease occurs consistently from
one round of sampling to the next, the existence
of an atrazine sink in the system is a possibility
but remains unexplained. The mass balance
accounting then remains reasonable for the last
150 miles of the River.

Figure 10 presents the relative contribution of
atrazine by the major tributary sources. For
each sampling event, the ratio of tributary
atrazine loading to Ohio River loading at Cairo,
1L is calculated. The average of these rounds is
then presented in the figure. There are eight
tributaries which confribute one percent or more
of the total Ohio River atrazine loading, the
Wabash River bemg by far the largest source

contributing an average of 38 percent. The
average contribution from all sources above
Cincinnati, the upstream boundary of the study
area, was almost 10 percent. The average mass
of atrazine not accounted as fributary mputs to
the system was 14 percent. This performance is
quite good since not all flow influxes to the
Ohio River were sampled for atrazine. In fact, a
mass balance accounting of flow suggests that
the average flow to the Ohio River (fributaries,
direct runoff, etc.) not included in the survey
was approximately five percent. The average
confribution of the largest sources was as fol-
lows: Wabash River (38 percent), Great Miami
River (11 percent), Little Wabash River (mme
percent), and the Green River (seven percent).

Mass Unaccounted For 14.1%

Above Cincizpat 9.8%

G. Miami R. 10.8%

Green R. 6.8%
Highland Cr. 1.2%

Other Tribs 5.8%

Tennessee R. 1.3%
Tradewater R. 1.1%

Saline R. 2.3%

L. Wabash R. 8.9%

Wabash R. 37.9%

Figure 10. Average Tributary Contribution of Atrazine to the Ohio River {April - July, 1995)




Drinking Water Treatment for Atrazine

The Evansville water utility initiates powder
activated carbon treatment when Ohio River
source water reaches one half the maximum
contaminant level (1.5 pg/L). Figure 11 pre-
sents raw and treated water atrazine concentra-
tions at Evansville during 1994 and 1995.
Addition of powder activated carbon is
characterized by a downward spike in the
treated water atrazine concentration. When
carbon is not added, the finished water
concentration generally mirrors the raw water
atrazine level. This supports the conclusion that
routine treatment scenarios are not effective in
removing atrazine. For this reason, it would be
beneficial to notify water utilities on the Ohio
River when atrazine levels approach the drink-

ing water MCL, particularly for those facilities
that do not conduct routine monitoring.

Other Pesticides

Some of the most heavily used pesticides in the
lower Ohio River Basin were discussed in a
previous section on usage. In addition to atra-
zine, of which an estimated 11 million pounds
were applied to corn crops in the lower Basin in
1994, the following other pesticides were com-
monly used: metolachlor (9 million Ibs./yr.),
alachlor (6 million Ibs./yr.), cyanazine (3
million 1bs./yr.), and simazine (<1 million Ibs./
yr.). As such, it might be expected that these
herbicides too would be found in surface waters
of the lower Basin, and in fact, such is the case.
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Figure 11. Effects of Drinking Water Treatment on Atrazine Levels
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In addition to atrazine analyses by the immuno-
assay technique, approximately 10 percent of
the samples were analyzed by gas chromato-
graph (GC). GC confirmation samples were
analyzed for alachlor, metolachlor, cyanazine,
and sirnazine, in addition to atrazine. Appendix
B contains the data for these other herbicides.
Figure 12 shows the relative composition of 49

confirmation analyses by gas chromatograph for
the five herbicides. It can be scen that there is
no constant relationship in the composition of
herbicides in a sample. It can also be seen that
the relative amount of metolachlor increases
substantially in samples with total herbicide
concentrations near or above 10 pg/L. Cyana-
zine is present in a large percentage of samples,

20 percent of which are greater than its MCL of
1 pg/L. Metolachlor was detected in approxi-
mately 50 percent of confirmation samples, but
never at a level anywhere near its proposed
MCL of 100 pg/L. Simazine was detected in
three quarters of the confirmation samples,
while the maximum concentration was only half
its MCL of 4 pg/l.. Alachlor was rarely
detected in confirmation samples, while its
MCL of 2 pg/L was mnot exceeded in any
confirmation samples.
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Figure 12. Composition of 49 Analyses by Gas Chromatography for 5 Herbicides
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Figure 13 shows the average composition of the
five pesticides based on analyses of 49 samples
by gas chromatograph. The analysis shows that
atrazine by far is the largest component of the
five herbicides. Cyanazine is the second largest
component at 15 percent on average. Metola-
chlor and simazine are each found in about 11
percent of samples, while alachlor is infrequent-
ly detected in only two percent of the samples.
At Cairo, IL nine confirmation samples were
collected over the 13 week survey. Figure 14
presents the results of these GC confirmation
analyses for the five herbicides at Cairo, IL,
where the highest atrazine concentrations
generally occur. Except for atrazine, the other
herbicides are generally below 1 pg/L, with the
exception of one cyanazine sample. The other
herbicides also do not exhibit the same shape as
the atrazine curve. There is little or no temporal
trend in these other herbicides.

Atrazine 61.4%

Cyanazine 14.9%

Quality Assurance Performance Results

Two primary activities were conducted to assure
that valid data were collected and generated for
this study. First, analyses performed m-house
by the Iimmunoassay technique (described
earlier} were completed in triplicate under
separate runs. Each run had a standard curve
developed with known standards. Secondly, 10
percent of samples collected were submitted to a
contract laboratory for confirmation analyses by
a U.S. EPA approved method utilizing gas
chromatography. The following conclusions are
supported later in this section, and are based on
data contained in Appendix C which compares
GC confirmation analyses by Method 507 to the
median value of three runs performed by the
immunoassay technique.

1. The immunoassay method performed in-
house usually produced results which were
higher than those generated by the contract
laboratory applying U.S. EPA Method 507.

Alachlor 2.0%

Simazine 10.9%

Metolachior 10.9%

Figure 13. Average composition of 49 Samples Analyzed by GC.
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Figure 14. Comparison of Atrazine Concentrations at Cairo to Other Pesticides (1995).

2. Atrazine results produced in-house utilizing
the immunoassay technique varied signifi-
cantly between analytical runs in 2 number
of cases.

3. Results by the immunoassay technique for
samples above 5 pg/L. were substantially
less certain than those below 5 pg/l
(samples above 5 pg/L required dilution).

Figure 15 presents the absolute difference
between the median (of three runs) atrazine con-
centration produced in-house by the immuno-
assay technique and the GC confirmation result
generated by U.S. EPA Method 507, for all
samples below 5 pg/l.. Samples below this con-
centration are within the linear working range of
the immunoassay test and require no dilution.
Samples above 5 pg/l must be diluted to fall
within the linear range (0.05 pg/L to 5.0 pg/L)
of a standard curve which is developed for each
run of the immunoassay test. Of 43 observa-
tions below 5 pg/L, there were only four cases
in which the atrazine concentration by GC was
higher than by the immunoassay technique.

These cases occwred at the lowest concentra-
tions measured during the survey, and the
difference between the two  analytical
techniques was very small. The reason that the
immunoassay technique measured atrazine con-
centrations higher 90 percent of the time, than
by GC, is explainable, In the immunoassay
technique, cross-reactivity with other triazine
herbicides results in the test measuring a certain
portion of these closely related compounds as
atrazine,

The average difference in atrazine concentration
between the two methods, for 43 samples that
were confirmed by GC and were not diluted -
house (causing additional error), was 0.68 pg/IL
with a standard deviation of 0.47 ng/L. Based
on those 43 observations, there is a 90 percent
probability that the difference in methods would
be 1.5 ug/L or less, and a 95 percent probability
that the difference would be 1.6 pg/l. or less.
There is a reasonably high degree of certainty
then that the immunoassay technique is accurate
to within 1.5 or 1.6 pg/L, and that the immuno-
23
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Figure 15. Absolute Difference Between Immunoassay and GC Methods

assay is higher than GC-measured concentra-
tions. For seven samples greater than 5 pg/L
with GC confirmation analyses, the average
difference in results was 3.85 pg/L. All of these
samples exhibited greater concentrations in the
immunoassay method. A primary reason for
larger differences between the two methodolo-
gies for samples greater than 5 pg/l is
associated with sample dilution. A maximum
concentration of 5 Ng/L can be measured by the
immunoassay technique, such that samples with
higher concentrations were diluted without the
use of highly accurate tools.

Each sample was analyzed in three separate
analytical runs for the immunoassay technique.
This procedure, while quite labor and time
intensive, turned out to be invaluable. Instead
of performing one analysis, three separate
analyses were performed and the median atra-
zine concentration was selected to represent the
true value. So instead of analyzing approxi-
mately 400 water samples by the immunoassay
technique, over 1200 individual analyses were
performed. While approximately tripling the
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analytical costs per sample, these costs were
still quite low. The analytical cost, excluding
confirmation samples which were $150 per
sample, was approximately $20 per sample
using the immunoassay technique.

For all samples analyzed by the immunoassay
technique, the average range between the maxi-
mum and minimum result of three analyses
performed on each water sample was 0.5 pg/L.
The average range of results for data greater
than 5 pg/L (atrazine) was 3.4 pg/L, while the
average range for data less than 5 pg/L was 0.3
pg/L. By selecting the median (or middle)
result of the three analyses to represent the true
atrazine concentration, then both high and low
outliers are eliminated from the data. These
points would skew results if the mean of the
three results were used to represent the actual
concentrations.

Figure 16 shows the results of the median atra-
zine concentration by the immunoassay techni-
que as compared with the GC confirmation
result over a period of nine weeks at Cairo, IL.




It shows reasonably good agreement between
the immunoassay and GC confirmation results.
Figure 17 further supports this conclusion and
illustrates the good correlation between the two
methods. A linear correlation coefficient (1) of
0.85 between the median immunoassay atrazine

concentration and the same result by GC
Method 507 was achieved for 42 undiluted

water samples.
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Figure 16. Atrazine by Immunoassay Technique VS. GC Confirmation Results at Cairo, IL.
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CONCLUSIONS

1

Herbicide Use
An estimated 70 million pounds of
five herbicides (atrazine, cyanazine, sima-
zine, metolachlor, and alachlor) were
applied to corn and soybean crops in 1994
within the states which make up the lower
Ohio River Basin (IL, IN, XY, and OH).

2) Atragine Use

3)

4)

Afrazine is the most heavily used
herbicide m the lower Qhio River Basin,
with an estimated 23 million pounds applied
to com and soybean crops in 1994 within
the lower Basin states. The heaviest use of
atrazine within the lower Basin occurs in the
Wabash River watershed.

Trends in Herbicide Use

While atrazine use has remained fairly
constant over the past five years, alachlor
usage has steadily decreased while metola-
chlor use shows an upward trend. It is
important to recognize that use rates are not
constant in terms of future concerns.

Herbicide Characteristics

The herbicides addressed in this report
are persistent in the environment and
soluble (except simazne) in water, making
these substances quite mobile in the aquatic
system.

Human Health Concerns

These herbicides have been classified as
possible human carcinogens, while some
have also been linked to birth defects and
developmental abnormalities. They all are
regulated or proposed for regulation under
the federal Safe Drinking Water Act.

Ohio River Atrazine Concentrations
Afrazine concentrations in the Ohio
River generally increase in a downstream
direction to maximum concentrations at the
Cairo, IL. water mtake. Concentrations
occasionally exceeded the Safe Drinking
Water Act Maximum Contaminant Level
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8)

9

(MCL) based on immunoassay results
(which have been shown to be higher than
by GC). Some level of human health
concern is warranted, given that routine
treatment techniques (no carbon treatment)
do not appear to remove atrazine. In addi-
tion, the synergistic effects of multiple
pesticides on human health have not been
defined, while almost all samples confirmed
by GC in this study had more than one herb-
icide present.

Concentrations of Other Pesticides

Besides atrazine, cyanazine was the
only other of the five herbicides to exceed
its drinking water MCL (1 pg/L) in raw
water samples analyzed by GC. Nine of 50
samples exceeded the MCL representing
almost 20 percent of samples.

Atrazine Sink (decrease in concentration/
loading)

While Ohio River atrazine concentra-
tions generally increase m a downstream
direction, a sink appears to exist at Mt
Vemon, IN and Morganfield, KY monitor-
ing sites as evidenced by decreases in con-
centrations and mass loading in a reason-
ably consistent fashion. An explanation for
this is not evident, and it is possible that this
apparent sink is a function of unrep-
resentative sample collection sites.

Temporal Variations in Atrazine

Atrazine concentrations vary on an
annual basis, and from one year to the next
depending on a variety of factors. Based on
data from 1993 through 1995, atrazine
generally begins to be detected in late
March/early April, peaks sometime between
early June and late July, and tails off to
below detection by the year’s end. Peak
concentrations were highest in 1993 and
lowest in 1994,




12) Composition of Herbicides in

10) Tributary Atrazine Concentrations

Atrazine concentrations in several tribu-
taries were quite elevated. Concentrations
as high as 60 pg/L were detected. General-
ly, tributaries on the north shore of the Ohio
River had higher concentrations than those
to the south, and this correlates with land
use.

1Y) Major Tributary Sources of Atragine

Based on the average atrazine mass
loading of seven rounds of tributary sampi-
ing distributed over 13 weeks as compared
with the average loading at the downstream-
most sampling location on the Ohio River
(at Cairo, IL), the following tributaries were
the major sources of atrazine with their
relative contributions:

¢  Wabash River 38%
¢  Great Miami River 11%
¢ Little Wabash River : 9%
¢ Green River 7%
» Saline River 2%
e Highland Creek 1%
¢ Tennessee River 1%
e Tradewater River 1%
o All Sources Combined

Above Cincinnati 10%
¢ Mass Unaccouated For 14%

Water
Samples

Based on 49 samples analyzed by gas
chromatograph for five herbicides, the aver-
age composition of these water samples
from the Ohio River and selected tributaries
is as follows:

e Atrazine 61%
¢ Cyanazine 15%
¢ Metolachlor 11%
¢ Simazine 11%
s Alachlor 2%
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13) Cost-effective Aspects of Immunoassay

Analytical Test

Utilization of the immunoassay techm-
que, in lieu of gas chromatography methods
performed by a contract laboratory, reduced
analytical costs from potentially $150 per
sample to an actual $20 per sample cost.
Analytical costs for this sampling program
would have been $60,000 if contracted to a
laboratory, as opposed to $8,000 actually
paid for immunoassay test kits and equip-
ment. This work could not have been com-
pleted without the cost-effective immuno-
assay procedure.

14) Low Detection Level with Iimmunoassay

Technique

The immunoassay technique for atra-
zine is very sensitive with a detection level
of 0.05 pg/L. Detection levels for typical
GC methods is 0.1 pg/L.

15) Inaccuracies Associated With Immuno-

assay Technigue

Based on comparisons with GC confir-
mation samples, 90 percent of samples
(under 5 pg/L) by the immunoassay techni-
que are accurate to within 1.5 pg/L atrazine
(assuming GC concentration is 100 percent
accurate). The average difference between
techniques (samples under 5 pg/L) was 0.7
pg/L Based on immunoassay tests run in
triplicate on all samples, results are
repeatable to within 0.5 pg/l. Using the
median atrazine concentration of analyses
nn in triplicate increases accuracy by
removing the influences of high and low
outliers.

16) Correlation of Immunoassay to GC

Methods

Atrazine concentration comrelations
between the immunoassay and GC methods
are excellent, with a linear correlation
coefficient (r) of 0.85. This implies a
consistent relationship between the two
methods (which does not imply
equivalence).



RECOMMENDATIONS

1) Monitor Trends in Pesticide Use

2)

3)

4)

Trends in pesticide use within the Basin
must be monitored in order to identify
emerging water quality issues. Special
attention should be given to replacement
products being developed or phased into use
for the most heavily used pesticides in the
Basin.

Install Long-Term Atrazine Monitoring at
Cairo, IL

Because concentrations vary within a
given year and from one year to the next, it
is desirable to monitor atrazine at a worst
case location on the Ohio River, which is at
Cairo, IL. While Evansville and Louisville
are conducting such monitoring, both of
these sites are upstream of the Wabash
River, which is the largest source to the
Ohio.

Provide Early Warning to Water Utilities
All water utilities using the Chio River
as a source of drinking water should be
notified when levels of atrazine exceed half
the MCL (1.5 pg/L), based on monitoring
from Louisville, Evansville and Cairo (f
monitoring is installed) water utilities.

Facilitate Exchange of Information on
Treatment Techniques Between Water
Utilities

The Evansville Water and Sewer Utility
has effectively reduced the level of atrazine
in their finished water by modifying their
treatment scheme. When atrazine levels
exceed one half the MCL, Evansville treats
with powder activated carbon. Specific
information concerning this treatment
technique should be made available to other
utilities with similar problems.
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5) Priority Watersheds for State Nonpoint

Source Control Programs

Runoff from agricultural activities, and
more specifically from com production, is
the primary means by which atrazine is
present in the Ohio River Basin. This report
outlines watersheds with the largest atrazme
loads to the Ohio River. These watersheds
should be appropriately prioritized by the
affected states for implementation of non-
point source control programs.



LITERATURE CITED

(1) Wiles, R.; Cohen B.; Campbell, C.; and Elderkin, S. Tap Water Blues; Herbicides in Drinking Water,
Environmental Working Group, 1994.

(2) Goolsby, D. A,; Boyer, L. L.; Battaglin, W. A. Plan of Study to Determine the Effect of Changes in
Herbicide Use on Herbicide Concentrations in Midwestern Streams, 1989-94; U.S. Geological Survey,
Open File Report 94-347,

(3) DuPont to Phase-put Cyanazine, ASDWA Update Vol. X, No. 4; Association of State Drinking Water
Administrators, 1995.

(4) Becker, R. L,; Hergfeld, D.; Ostlie, K. R..; and Stamm-Katovich, E. J. Pesticides: Surface Runoff,
Leaching, and Exposure Concerns, University of Minnesota Extension Service, AG-BU-3911.

(5) Goolsby, D. A.; Coupe, R. C.; and Markovchick, D. J. Distribution of Selected Herbicides and Nitrate

in the Mississippi River and its Major Tributaries, April Through June 1991; U.S. Gealogical Survey,
Water-Resources Investigations Report 91-4163.

29






Appendix A






‘sayoleq Aeiedas 234y} U Aesseountil Ag pazAjeue sem ajdies J9jem ysey o,
*AJEINGET QYT UM SOURRUCD SYY 1B QlE SJUled OAl JeAIY OIUQD ‘sateIngii dod

88y _ __ JooesZl JEOD 80°C 900 s0’c ¥ L Ge/Z1iivo 1-8e _ _Gi1l6_ ] d 1M 2IEED
0 [54° 80'0 £2°0 SL'0 510 4 S6/Z LD \-LE L'LG6 1l }joi1nd 13 )sod
L'68 00£6¢Z1 {200 600 ¥0'0 90°0 S6/2 1/Y0 L-9€ S'6E6 A d.LM Yeanped
'l 00051 10°0 £0°0 10'C 20’0 S6/21/$0 1-GE S'vES A Y @assauue )
B'C 0008 Loo 80°0 00 _jL0C S6/Zl0 L-PE y'oie AX H puepaquung
00 SL1 1¢00 10°0 £0°0 000 se/zLivo L-£€ 0'E6B AA 12 hw.wlﬂj
1’0 =14} 4900 ‘0 L' Yo'0 58/ Lo 1-Z¢ L'LLg AN 4D payood]
[8°1 2881¢ 200 €10 0’0 L1'0 S6/ZLIY0 -1 V'ELS AA Y 13jemopel)
I g€ 004211 ((Z0'0D 90°0 oo $0°0 82 LIV0 L-0£ £1L8 Ad dlp siBinig
£Y ZE01 6L'C 0L 0 9£'0 [=h0] ELETATED) 1-62 Lo il H 2uljeg)
Z'l Ve 510 L8980 LEO Z50 S6/11Li¥0 1-82 08y _ 1 d yseqep
Al 00SEL 0’0 610 80'0 510 58/1L/v0 L2 _ 0’88 NI-1 H yseqepm
gl Y0E 60°0 Ls'0 Lo £9°0 [56/1 L/Y0 l-92 =~ g'ive AN 19 pue|yBi|
R O0E6L 100 L00Q 00 80’0 _ 58/11/v0 |14 _B'8ES AA m.rzi.ww_w::mut_o_z
(962 00EBL oo 800 L0°0 800 S6/LLIYD L-¥Z Z'6Z8 NI dLM HOURA "INy
iy [+]e[e]a}:] S0°0 FA ) oL LO'D SB/LLIY0D l-EZ Z'£08 __AJA__ dLM dosiepuey
g0 ive 800 Qe O Lo §2°0 SB/L L0 | A 6C6L NI 1 uoably
A 00008 200 800 £0'0 LOQ S6/11/4%0 1-1Z Liel NI dLM ejiiasueay
Z'l 00ve 8500 60°0 11’0 £0°C 1G6/1 L/P0 1-0Z o'vel AN H ueeun
|60 LLL S0°0 YA ) oL'o gi'0 §6/1 110 161 6'eLs NI 17 uosbig Ji]]
1’0 BL1 Z0°0 80°0 0’0 800 SE/LLIYO 1-81 Y LEL NI Y uosiepuy
£'0 LBl 80’0 qz'0 0L'0 6i°0 S6/1 Liv0 L-L1L 0'£99 Ni geng
190 gE£8 Yoo £L°0 80°0 600 15671 LIP0 1-94 . 0'LS8 Nt 4D ueipuy
E'Q £ZY S0°'0 Lo 60°0 80°0 56/1 L/FD (-1 §'9€D AA 12 1910
L'0 g6l Z0'0 L0°0 £0°Q 80°0 S6/01/4#0 ¥l 6'6Z9 .Y g eS|
2's9 O0ZEL 0’0 ZL'o LO'O 00O §6/0L/40 _ 18y 0'608 NI 1M >cm£_q!>>..e‘z.
a'o Qg 10’0 QL0 100 oL'o S6/01/%0 {-21 §°909 NI 15 RAllg
o'LE 00ZEL £0°Q 60°0 900 80°0 56/01/¥0 il 9°008 AA 1M HD 2jliasinon
L0 L12 £0°0 £l°0 Zi'o 8O0 S6/01{%0 10l 6'56S AN 1D spoltely
10 £0¢C Son ELD 60°0 60°0 S6/01/%0 1-6 9 9%g AN g Ajomuay M
S0 [o]o7 % Z20'0 90'0 ¥0°'0 ¥0'0 S6/QLIYO -8 g'ays A d Ayomuay
o 21:14 L0°0 BZ'0 ¥L'0 LZ'o S6/01/0 L-L L'g6¥ NI 13 Asybne
Lo 8 0’0 8L'0 80°0 ¥lo S6/01/%0 1-8 8'v6y NI 1D sisuue]
o's__ Yol ye¢'o __io1e o Lg’L SB/0 /Y0 ] g'let HO-NI Y 19)BMIUYM
|¥'9 00Z6 80°0 L0 £L°0 £l'0 SB/OLIYOD . a4 o'le¥ HO o UBily "D
oL __ 00¢ L Lo'0 LL'O ¥io 0’0 S6/01L/%0 l-€ £0LY HO d Bunon
'z 0011 LOO ggo__(vi'o DED 1G6/0LP0__ 1-T SEGF HO _H ey o
L LE o]0} YA LOQ 80'0 10 100 S6/0L/%0 [ 8'Cof HO d 1M 13eUUIDUIS
Aep/eq)| "peody §)0 'molJ A9 PiS UEDA] obuey [y aeqg ql Sjduieg  juiog ep CILTS uoneso
SERIN QuizeIlY Weols ajdweg uotjoa|on = 1201 oo
(.

7/Bn “ONOD INIZVHLY
S661 "Z1-01 HUdY ‘AVSSYONNWWI A8 S11NS3Y TUOILATYNY INIZVELY




“seijaitq sjeledss ool U] Aesseoununy) Aq pezAjeur sem e|duwgs Jejem 1oey .,
AIRInglay sy YA SIUEN|IJU0D BY} Je Ble SIUIOA OftA JOAIY ol 'sepeinguy J04

['901 00661 |20 0 0L'D $0°0 [0 aEllLo 56/6 LIY0 88 8Li6 T d.LM 0183
L'9gl 006641 |v0'0 g1'0 L0 €10 ) 0Z°0 96/6 LI 0 298 9'gee A dLM Yeonped
6°9L 00¥98} |[z0'0 _ |[BO0 _ __{€£00 L0°0 ol 0 S6/81/%0 2-0g  £1L8 A _dLM siBimg
C'vd 00/9t1 |I20D 900 _|[¥0°C ¥0'0 ; 80°0 S6/8 /%0 297 __66¢8 A J.LM PiatjusTiop
00491 G3.1031100 31dWVYS O ¥z 268 NI d.LA UouiBA "IN
W CCET ) a0'0 100 90’0 ‘ S6/8 1140 T'€c__ ze08 AN dlm Ussiepusy
N2 009%Ll_|¥00 Z1L0 80°0 800 56/81/v0 24T I'16L NI dLMW 3liAsuBA3
¥'50l 00980} |[vD'0 0Z'0 00 L1'0 FIAND) €L 0609 NI dLm Auegly meN
L'E6 009801 _|[60°0 6L0 alr'o £1'0 S6/L1/%0 -1l 9009 A¥ ____ dIna HO elpasinoq
rzb 005£8  [[gg0 oL'c __jgoo 00 86/£1/%0 1l szav _HO d.Lp jeudlouly
Aepjsq) 'peo 5P 'mold  hed pig  Ueely sbuey i Uelpsi Yl aed arejowes Jupd ey 9IRE Goi1ES0]
sse|p eyjzeny wesns ejdweg uonaelon » 19MY OO

9/Bn “ONOD ANIZYHLY

G66L '6L-LL YV AVSSYONNNNAL AS S1TNS3IY TYOIILATYNY ANIZVYHLY




seyoleq elesedas eyl ul Aesseounuiw Ag pazdjeur sem ojduwes 1ajem yoeg L,
*Alengzy ey} Yila ouenjjucD ey) B B4e SIUI0Y SfIAl JOATY 0140 ‘SaueIngiy 1od

v 8269 GO6LLE ]SO0 56 ¢ CERD! G6I92I70 E-8t 87.6 N d1M OdIED)]
68l D L0 256 9g° L 56/92/70 £t L156 ] Howny 133504
A DOGLLE |[LED EQE 1g0 S6I9ZIY0 £-9E 5'6E6 AN d 1M, qeshped
R4 000Z¥ _ |£00 oL'0 Lo 56/92/70 EGE g YEG AN ___H oossautay)
o1z poosl  ||go0 ¥z0_ |et 0 56/9C/70 g¥e _ +0Z6 A Y Pusjoqiting
970 viv 1.0 0e’0 17°0 56/92/70 £-EE 0¢£68 AN 10 18B6(
g1 £6E ELO L0 9z2'0 S6/92/4D £zE L8 AN 13 payeoi)
898 ZBLE 620 Iy 950 SB/9Z/Y0 gie vELS AN H P1emapei]
T veLE 000182 |[ELQ 8oz 920 S6/9Z/F0 £0¢ £1iB AN d1p siBams
6y 68z _|lss0 8961 70| S6/SZIY0 £6¢ viasg il H o'es
[0 1LF oELY 89°0 Zz iz fort G6/SZ/F0 €8z 088 i H USeaEm 1
[gAY] 00685 _ |[¥Z 0 isz €90 96/STIvD gLz o'gya N H Yseqem
F A ivL £5'8 1695|6591 S6/STIV0 g9z g Ly38 A 13 pueyBiy
(8525 00Lesl |[L00 050 ¥io S6/52/PD £6¢ 6 6E8 AN dip PRIUCEIOR
&L 10z 001661 [0z0 1671 oro G6/52/%0 £ 47 7628 NI~ diM Uouiap "I
0'9G¥z 006664 |91 0 527 Z£0 66/5Z/%0 £ EC Ztos AX___ d1M Uosiepuay
v'G8 8Lg gel 19°22 0g'z S6/492ft0 A BZBL N 1)) uoeBi]
G770l 006661 |[¥10 960 82°0 &6/52/0 £tz L 1BL NI dLA elinsueAg
Z 8%/ 000zz__ |10 8l'9 T S6/SZ/Y0 £0¢ 2 vsL A H Usai
628 99i1 190 z8s T IELL S6/52/%0 £61 8TLL NI 13UGEB1g oRin]
60 L8E si0 ¥0 620 S6/52/%0 EBL ¥ LEL NI Y udsispuy
96 00GE 120 izl 170 G6/GZ/v0 gLt 0°E99 NI deng|
B YLtk ) 6%°0 £2°0 S6/ZIY0 g9l 0'L59 NI iy ueipy)
£y LIL ST°0 ve | S0 S6MZIY0 g1 9989 AN i3 e
LEl OVeE L0 080 0L'0 S6MZ/Y0 vl 6629 AN HiEs
1’691 009Z¥1 || 90°'0 YZ'0 Lo S6/YZ/¥0 g€l 0609 NI 1M Aueqly maN
70 ozy v0'0 600 £0'0 S6IvZIv0 gzl &' 909 NI i3 1BA)g
£6L1 009Z¥ L |[L1'0 0Z'0 120 G8/rTIv0 e 1) 9009 AN LM HO oliasiney|
vo £z £0'0 91'0__ _[800 G6/¥2/P0 g0l 5 669 AN 1) speiley|
LG yiE Z0'0 50'0 £0'0 S6/¥Z/%0 £6 9'0%g AN HA5nuey g
g1 000ZL_ |z00 700 ¥0'0 SBYTIV0 £8 85YS A Y Aqoruoy|
50 agt 0L0 520 10 S6IYZIVO £ 86 N 1 KayBrien|
1o Wi |00 110 €10 86770 £-9 g v6Y NI 1) sBulE |
Ly 00EY ___|[90°0 961 010 Se/vZIv0 £g o’ Ls¥ HO-NI Y IS1EM@LUM |
¥'987 00917 |60°0 vz 810 se/vzivo B 0’ L6Y HO —mnwen 9|,
evT 00EL 5.0 V) 9z 0 880 SBIYTIF0 EE oLy HO 4 Bumen
o'Ee 005E 500 Ll 9l'0___Jzg'l 8L | 86/tZ/V0 ez SE9Y HO § e sty
701 009+6__|£0'0 50°0 60'0 £0°0 ils00 S8/ ZIb0 g1 8T HO dLA EuupUy
AEpjeq| "pedy Ej5 MmO ASQ PIS  URS[y obuey N UEIPa[ Ve &g Qi SHwEs  Wiogd ey ANES UgfEsoy
seR|y SuiZEnY Weang aidweg LIS BT » Jany oMo

/86 "3INDD INIZYULY

G661 '9Z-YZ NLUdVY ‘AVSSYONNWWI A8 SLTNSIH TVOILATYNY INIZVHLIY



*sayoleq ajesedos 99y w Aesseounwiwl] Aq pazdjeur sem ajdwes Jajem HoRg .
*AleIngul 81 Yim BOUINYUDD Bt} Je e SIund I JoAlY OIYQ ‘SauBINqu) 104

9°6LGC 001092 |6L°0 681 [LE'O EL') oL'¢ S6/20/50 8'LLB l ___ dimole)y
L'SiLE 001082 |(820C  ||09'2Z 0G0 LT L9°¢ §6/80/80 G'SEB A d.LM yeanped
L' #5592 0ovS61 [EL'C 4 R4 S2°0 or'z 892 S6/20/S0 E1LB A d1IMm siBing|
S'LEry 00lgZi (¥0°0 1290 800 £8°0 4990 86/20/50 6'6E8 AN d LM playueBiopy |
0'80L 001921 oL'o 101 6l0 06'0 601 S6/20/S0_2'628 NI dLAA UOUIBA LN
¥'989 004921 1600 LBD L0 640 96'0 $6/20/90 Z'E08 A dlAh Uosispuay
LLVE 008921 €00 L0 90’0 8+'0 1¥G6'0 S6/20/80 L'16L NI d1M BlllasuBAg
6661 00v06 £0'0 ZE'0 800 620 SE€°0 S6/L0/S0 0608 NI d L Auegiy maN
£¢01L 00106 200 ¢Z0 £0°0 LZ'0 ve'0 S§6/L0/G0 9009 AN LM HI 8liiasino
£'8Y oolorl _|[¥0'0 LO0'0 LO'0O 00 L1'o S6/0/80 8¢9 HO dim euuiduy
Xepjsq] ‘PeocT| SO 'mold ASg PIS uespy abuey uny ueIpaj] ECI 31eqg Juod 9N E3TaTY 00118307
ssepy oulzelly  weallg s)dweg

_

G661 ‘E - L AeN AVSSVONNWINE A8 SLINS3H TVYOILLATYNY INIZVHLY

/B0 “ONOD ANIZVELY

uopoaNe)  Jenly OO



‘sayoeq sjededas gady) uf Aesseounwiw Aq pazAjeue sem ojdwies Jajem yoeg 4,
*AseINgU) O} M SOUSNJUOD By JE BIB SIUIO] oIl JOAIY DJYQ ‘EIuRINGUY 104

£'9861 009852 _||LO'O L 16170 9g'} | B4 S6°L S8/01/60 G-88 B'LLE 1l d1AM @edien
on 06¢ /N Sv'ol 550 [4%:]} KN L9l §6/01/50 §-LE L'LG6 1l ___Hoing 13 ¥sod
[ ¥4} opgssz 18070 <80 aL'n ELO G 680 S6/01/50 GBE 9'GE6 AN diM yeonped
rAY 4 0ooZe ¥O0'0 Li'Q zTl'0 200 8L'0 §6/01/80 S-G8 __ §5pE6 A Y eossauus]
o9'vT 000z 1L S00__ _|6g'0 oL'c S€0 S¥'0 G6/0L/50 SvE V06 AN Y pueplequuny)
£0 Z1e o0 ¥LO ¥00 Lo 80 S6/01/50 S-EE  O'E6B Al L. 1D seeQ
1870 062 500 80 0L'0 ] [£5°0 S6/01/S0 S-ZE _L'LLS AN 13 pejecs)
6'L9 j¥eLe 6E£°0 o 8L'0 80y | 28t S6/01/50 S 18 __VELS A Y Islemepel)
1Z°LLYD 008561 [180'C 880 SL'0 180 99°0 S6/04/50 S-0E  E'LLB A _d 1M siBimg
0’0 L¥LL /N EELL 88'0 6801 LLLL S6/60/50 S8  +/98 i H suteg
100 ogel /N OEtvL oLt SLEL 158 FL 56/60/60 582 08¥8 | H YSEQRM "]
LT 00182 00 0g'lL . LO'O S¥'L £5°1 S§6/60/50 §L2 0'8Ye NI d Yseqem |
0'0 88§ iIN §¢°0L 990 Zi01 gL 0t G6/60/50 G-9¢ g Lys S AN _ 19 puejyBiy
L'3E6 00ggsSt [[60'0 60°L LL'O 66°0 oLl 56/60/50 __ 5-GC _6'6E8 A diM PlajjueBloly]
9°'8g2 008951 | €0°C 620 80'0 LZTO EEQ |66/60/50 S¥T  Z7'67Z8 NI LM UOWIBA "IN
y'Zov 00zZgSl 1010 090 610 ES'0 L0 56/60/80 5 ZT'EQB AA d LM uoslapuaHl
LL 0zZs§ £1'0 SL°T 87’0 _ _ji9'¢ L8'Z §6/60/50 45T  6°T6L - NI 10 uoebig
[1°691 0ocesy |$0'0 zZZ'0 800 610 LZ0 £6/60/40 §-12 __L'i6L Ni diM 2fjirsUery
0’0 0068 /N 106’6 zZ'0 6L°6 10°0L 56/60/S0 §-0Z Z'¥8L A d uaain
18'CL ¥SEL Yo £L°) g8Z'0 LG L SgL 56/60/80 56l 8'ZLL _Ni 13 uosid ann|;
v ¥lE ££°0 €497 §90 yZ'e 68'¢ §6/60/50 g-gl Vel Ni Y uoslapuy
b8 ol¥lL §2'0 61l 9¥'0 zO'L Q.F 166/60/50 G-L1 0'Egg NI H enigy;
6'S 0zzZl1 az'0 i6'0 250 99°0 gi°L §6/60/60 8L 0'LS8 Ni 10 uelpuy
81 868 120 649'0 LEO avo |EB'C ___ ]|§6/80/50 g6l §'9e8 AA 1D 8310
¥l LLG 8L'0 iG6'0 ¥EQ 8E'Q L0 §6/80/50 ! [:M:14:] AA Y 3es
1L°6% 1 0068EL_ |I20'0 T SL'0 sL'c 0’0 56/80/50 S-gl 0'6089 NI LM Aueqjy may
|40 8L 0’0 6L'0 EQ'0Q LL'D [s14s) §6/80/50 SZl §'608 NI 10 ABAlS
|8 Pl 00egel |e0'0 .10 60°0 Lo LZ'0 §6/80/80 S-lt 2'009 AN LM HD 8jitasino
§'0 Liv S0'0 220 oL’ LL'O LZ0 S6/80/60 S01 6565 A 1D Spoiley
P'C LBE _ |ls0'o 0Z°0 gL'0 L0 OE'0 §6/80/50 S-6 9°'9%s A R Ajomusy |
15°1 000L £0°0 00 S0°0 £E00 800 §6/80/G50 5-8 8'5h5 AN 8 Ayonjuey
1’2 [43 80°'0 gL S0 £9'0 6L0 46/80/50 S-L L'86¥ IR 10 AteyBnen
1’0 081l Z0'0 gL'0 ¥0'0 gL'e LD G6/80/50 g9 8'¥6¥ NI i) sieuue ]
9'tc orel £EQ'0Q 8L°0 ac0 LLO (€80 || S6/80/50 5-G o'tevy HO-N! H 131eMaYA
b4 S 0015 oL'o 460 0Z'0 L¥'o L9'0 §6/80/50 S 0'L6Y HO H Wiy "o
o8 0069 200 ZZ'0 $0'0 0zT'0 ¥Z'o 56/80/60 Se EOLY HO g Buppn
88 OoEL 0Z0 611 6£0 96'0 GE'L G6/80/50 5Z §'e9y . Ho g ey 8jun
289§ poEYOl  lEQ'Q oL '50'0 800 #gL o 6§6/80/50 5-1 2°'Zo¥ He d.LA Bleuuaulg
Aepsqpeo )0 'MOld  AeQ PiS tesp obuey ugjpepn Xep areq di ejdwes uiog ey NeIg UOED0
SSE SUIZRY  WBONHS ojdueg uonRoe||on » J3AKY 014

"1/60 "ONG9D INIZvdLlY

Cd

S66L ‘0L - 8 ARy (AVSSVONNINIAIL A8 SLINSIY IWILLATVYNY INIZVHLY



‘suni ejeredes seoay) Jopun Aesseountuidl Aq pezAjeue sem ojdilies lojem Yse3 .,
*AIRINGH} BU3 RIA SOUSNJJUDS O] 1B 8Je 51UIod ofiiA] I0AIY Oy “SeMeINqU; 104

64166 _ Joolawy J6e0 qee 80 Vel §6/L1/90 9-:8E__ BLLB — L dimoeD
0'z8lg oolGbY |68 aLz LLO 68l g96/¢ 1/90 g8 9986 A d A yeanped
PR 00/Z9E |00 1Z'€ 630 16¢ S6/L1/50 908 £1.8 A d L siinig
Lv681 006L6T ||L1°0 Al vE0 90°1 56/91/50 98z 6'6e8 AX___d1in pIayleBiop
9'611Z _ _|006L6T {010 ge’l 610 Lel 96/91/50 9vc  £628 _ __NI__ dlM UOWeA N
Tv98e 0080LE |92°0 0g'z Ly'0 eL'T 96/81/30 9-gz  2'go8 AN difd Uostepue
¥¥boz 0060LE _|¥1 0 zg L LTO 60°L 56/91/90 olz __ L'l6L NI dLM oliAsueag|
5856 001782 |ZL0 EL0 A 190 §6/61/0 5€l 08609 NI LM AUBqY MeN
L0698 Q01LET €10 55°0 920 £v°0 §6/51/90 91l 9009 AN LAA HD ®lIASInGT
[299Z1 00zvLC_|lgL o 0870 620 £9°0 |S6/L /90 g1  8cor HO LA\ feuuioiis
ﬂ.ﬂv\wﬂ_ PEDT 840 TR0l Ao PIS uesip] O—uﬂmﬂ -._'_v! ejeqg qaj O—NENW ﬂ:mom HIY a) s uopeoon
SBA OGmNN.-«q weans Onn—Emw uopoejjoln + 19AIH OO

B0 “"ONOD ANIZVHLY

|

G66L ‘LL-GL ABIN AVSSYONNWII A9 SLTNSIH TYOILATYNY INIZVHLY




suni ajesedes 691y} 19pun Aesseountuuy Aq pezAjeue sem ejdules Jojem yoeg .,
-Azeyngu) eyl yum I0Uan)Jusd oY) Je eie sjuUIng opy 1oy oiy() ‘soueynguy Jog

8 PrEYL 00ZEZL ||Z9'0 a9l 861 S6/¥Z/S0 _L™8BE i d.lM olieg
6l 008 l9'0 £Eg’e LZ'l S6/¥Z/S0 L-LE Tt joand a9 3sod
121156 00ZeZL [2C'D a4 EQ'Q S6/¥TIS0 £L-9E AN d1lM Yeanpeyd
E'CE Q00S 1L 600 GE°0 ¥2°'0 S6/YE/S0 L-GE AA Y 28558UUS |
§'VE 0008 S0°0 L0°1 S0 S6/¥T/50 L-¥E AA Y pueaquing
gel ¥o01 LE0 08¢ LS'D S8/¥TiS0 L EE AA 1D dasq
\ 9'C f4 ]} £0°D L¥ O £l'Q S6/YTIS0 LTE A 40 payeold
B BEL LrlOL 8E'0 BL'Z 690 Se/veia0 L-1E AA H Jelemoepes]
1’6908 00560, |ISE'D LT'T ¥9°0 S6/PT/S0 £L-0F AN dLM sifing
8'L83Z 8LLG oyl ¥6's z8'C SE/ET/S0 L-6T il Y euijes
gLl oovoe €90 ¥8'L SOt $8/E2/S0 £-8C IO | H yseqeph
J'EEYI 00E9ZL {¥L0 Z5'6 5.4} S6/ETIS0 LAT N o Yseqepl
S'8%1 PoTT 9L'0 £2'T1 89'L S6/e2/50 L-9T A 19 pueyBiy
£'EDLE 00889 HZZ0 180 850 S6/ET/S0 £-6T AA Jd1M paruebion
9'10¥Y Q0SL85 |I8L'O LE'L £€0 S6/ETIG0 L-vE Ni dlM Lol A 3N
¥'BLES 00Zg919 [8Z°0 18'1 580 Ge/ETIS0 L-ET A d LA\ U0SISpUdly
QL8 1 60T 8.0 78'8 LYl SB/ETIS0 LZTT NI 1D uoehly
0°'ZSCt 00Z919 |[ELQ 0Z'1 6T0__ SB/ET/S0 £-LT Ni d1M ajiiasueay
L'9EL Q0L08 ¥5'0 09'Z [4:)s] S6/EZIS0 £-0T AA o Yueslg
£l1e LAt 60’0 LO'E aio &6/€T/g0 LBl NI 1 uoeBig M
2L COElL LL'o 100°L 2Z°0 S6/ETIS0 L-8L NI H Uesiepuy
(€12 0591 g0'0 8e'g olLo GB6I/TTISO Ll NI doeng|
vev LLZS Lo 251 [AAs] 56/22/50 £-91 Ni 1D ueipy|
8'ET §£92 €10 ¥8'L az'o S6/TT/S0 (43" AA 1D ¥H0
A4 Q0Lit LO'¢ 86°0Q gL'0 |96/22/80 Lyl AN HuES
8'LLYS Qolzes |gl'o L4l ! 8€'0 S6/TT/A0 L-E1 NI L Aueqly meN
L'l 0ge gL 0 60 ST'0 ssltzieso L2l NI 13 eMiS
0'Z0EY 00LZeS (¥LO ¥s'1 820 G6/TEi0 £-L1 A LM HO sjiiastno’
il LLSL EL'O oyl £E°0 GB/TTISO £-01 B AX 10 spoiey
L £8E1L 120 £0°L L¥'o SB/TTIS0 LB AN H Hjomuey s
S'v9 0086S IT0 £0 BEQ $6/22/50 L8 AA g Ayomuay
L9 6ELL ¥L'0 L0 Leo §6/22/50 L-L NI 1 Aseybnen
[ BES aL'o g0l ZE'0 66/22/50 L-9 N1 S0 %lsuur]
g1zl 414 }:) ve'0 ES'E €80 G6/TTISO L-S HO-NI H 9iemManyM
o0 D080E YiN 6S9'8BL SL'E S6/TTIGO LY ... Ho B Y ey ‘g
¥'Se 00502 S0°0 £€'0 oL'o §6/TTIS0 L€ HO Y Bupjory)
L'E0L ooLs 8z'c gL' 15'0 §6/22/50 LT HO H ey sl
S'0eLl 0006%E_fI8L'O §6°D SE'Q SBITTIS0 £l HO d M Beuuioun |
Aep/sq| 'pedy Tj5 'mo|J Aod IS e eBuey uepaf Yl aed Oy 9dwes W[og o)y R UORTooq
ssel ouzENYy  weeng ojdweg ucpoaon » d8MY OO

B0 "aNOD aNIZYHLY

9661 ‘vZ-¢¢ ABIN ‘AVSSVONNININI AS SLINSIH TUIILATYNY 3NIZVYLY



*suni ejeiedes sely) Jepun Assseounwuw: Aq pezijeue sem e[dlrs Iejem yaeg ,,
Aleinguy ayy Y3A eaUBN|JU0D BY) 18 Je sjulod ofily JaAld ol ‘seuelnqgu) Jod

[£'8S611 006669 gc'0 9z’ ¥8'0 yo'E S6/1€/80 8-8E 8'LLB il d1lM odie)
£'G988 Q06669 £l1'0 9g'e §¢'0 ¥Z2'C S6/1€/50 g8-9¢ G'GE6 AA d.1M yeonped
£'Esl e 008155 120 L6°L _ {LE0 gLl G6/|£/80 g8-0F A A _d1M ﬂm:.:mt
6'85¥C 006L9€ 110 8¢l 12'0 6b'1L S6/0£/80 8-9¢ 6’688 A dLM _u_m‘z:mmhos_
|G 6¥SE QO6L9E 810 c8’l og'o __|eg'l G6/0£/90 8-+< ¢'6¢B NI dLlM UoUIs A "IN
6'CLEE ootlee lEQ 8l 18°0C 8y | S6/08/90 8-£2 Z £08 A d.LM uosiepusH
9'v¥6< 0Qllee  fjel’o L9} £¢0 946'l S6/0€/90 8-12 L'1BL NI dLA S|liAsUBAY
L'E18l 008EY| 60°0 LE'C L0 L2'T S6/0E/50 g€l Q0609 NI A Aueqly meN
6°CLLL OOBEFIL L0 0Z'e 8C'0 90°¢C |gs/og/so 8Ll 9°009 AN LM HO eiiasinoT;
Z'8cll [o]0] ¥<e]} 1 3¢] LO'T qz’0 8961 . g6/1£/50 8-} A HO dii mmEc._m
AEp/sq| 'peo] Sj0 'MOjd A6 PIS [IEET] eBliey [T11] ajeq] giodises juiod ofify ajelg uoneso

sey sulzeny Weens ejdwesg uonaejion » donly o[yo

L.

1/Bn " 3NOD ANIZVHLY

G661 ‘LE ABIN - OF ABIN AVSSYONNIWINL AB SLINSIY TYIILATYNY INIZvHLY




‘sunt syeiedos son)) Jopun Aesseounwiw] Ag pezAjRue sem ajdues (918Mm Yorg 44
Alengu 9yl Yym 23uaniuUes 3yl Je L. SIUjod OfItAl JaalY oo ‘selleingui dod

1/Bn "aNOD INIZVHLY

S661 'L eunf - § eun® TAYSSYONNININI AS SLINSAY IYNLATYNY INIZVHLY

§501L 00ZZIt [ ¥8'0 IrE 12t t6¢C SL't 9e/[0/B0_____ 6°8E 3416 A dLM oieD
0’8l it 186 0 JTA:) 6L 828 9T’ L 56/£0/90 6LE {786 Al 01N 13 3504
9°1865 00Z/Lv 420 90°'¢ £6°0 or'z £6¢C 96/£0/90 6-9€ 6 GE6 A d1M Yeanped
66al 00008 ZLo E5°0__ §iz0 _ |l6e0 _ 09°0 %6/£0/80 6.9E S'VES M Y eassoliua |
0'9L 00C0E SL'0 0p°0 0E°0 0£°0 09°0 %6/L0/o0 6vE 1'0zZ6 AN U pueplaquing
£ it 8Z 0 80T 92'0 lg'l LE'C 96/£0/00 6-EE o'EED AN 1p Ieag
g0 A X0 EE0 120 12°0 vo 96/20/80 B2k ) AN 1 padcolg
0'Z9 esor 0r'0 98'z 60°1 vz 0%'E $6/40/90 6-LE velg AN "W 1ajemapelf
6'coEe Q09ERZ  |Oor' 0 oLz LLo 90't Ve 56/£0/80 80 £148 AN d.1M siBimg
o1&l _ _fegse 181 00° L1 80°'s _ $e'EL a6/90/g0 662 t°'£99 il _____ yougeg)
00 00Z8l _ IWiN z06 000 Z0'6 %6/90/90 6-9Z o'gve 1 Y seqem
00 00vOL  |WiN 96'01 Lo 6oLl tag/oo/ag 6Lz 0'8vg NITT  Useqep
Z'6 969 Y10 05t 80 oLt %6/90/90 692 2 1vg A 1D puepybiy|
2’6891 _ 005a81__{0L'0 89°L 610 56/80/90 6-9z 6'6E8 AN dLm pieyueBiop
L'r8oz 00858l |l60°0 80°Z 820 _{9s/80/90 6FC ___ C6ZB NI dLA\ WOUIBA TN
Lozee o000bgl_ [l0Z'0 ez 650 §6/90/90 6EZ Z'E08 At d.LM UosIopuay
00l +za 920 i6g 80°0 56/80/390 [ #4 6264 NI 40 Ucebig]|
vElle oootgl _|[oz0 e 8270 56/80/90_ YA £ 184 NI LM ejiasueag
S'EEE C0BEZ___|l0L"0 ro'z TR S6/60/90 6-0C Zv8L A% Y Ueeip
TEY 9zl oLo 00'dg 610 96/80/00 661 6ZLL Ni 37 toelig epmn|
'l GGE 60°0 L0 L1'0 $6/80/80 681 Y iIEL Y uos.opuy
N} [0Z11L 820 LLL YA 58/60/80 67l 0'E90 ¥ onig
50l Lipl T) LTk o 46/90/90 891 0 LGS 1D ueipuj]
£5 B2 ol ge'l 0z0 §6/50/90 &6i G 0ED 13 1830
sal 050E 80'0 36'0 lzo____ 56/50/80 8-l 6629 i H Ieg]
87841 00BEPL |0Z°0 £z §5'0 56/50/90 6El 0'609 dLm Aueqly mepN
6L Zog 500 60 60°0 56/90/90 6zl 9’908 IEETT
05 00GEYL  |80°0 681 TR 56/50/00 6Ll 5°009 LM HD eliiAsino
8z oty 80°0 oLl a0 56/50/90 6-01 6565 1) spolrEy
1t ECY Lo jal'l 20 “|sels0/po 86 9°9v9 H fpmuey )
6'6 0cLo 00 6Z°0 800 66/50/90 68 2'6t5 o Lyomusy
L' 665 R 06k 9z°0 $6/50/80 6L ['86% Nl 5 AIo{BreT]
80 g8l 60°0 6L 0 ) [ 66/50/90 68 g'vet N 1D Siauds],
OEV 061 10 ey 09'0 §6/50/90 65 0 L&Y HO-NI Y PIEmelIYM
0'0LT 00tz SL'0 ¥y 620 36/50/20 6t 0 L&Y HO Y BN ‘D
ol 0018 _|£0°0 1£°0 g80°0 §6/50/80 6E £0L¥ Ho Y buper]
L+ol 00tP oL'o rEY [1'0 or'y §6/90/90 6z 5'eob Ho H {WelN i
086 009zl _||BO'O ZrL 510 6b'L 56/50/90 g1 g'zob HO d.LM peuuRD
Aep/Eqg| peo] ¥P Mo RS PIS  Ueaw bl N UEpeW YW S Qrogmes WOEJoNA 9w TopessT
SSEIA BUIZENY WeoNS edwes uopoes|io] » 1A OO




‘sun eeledes eely) lepun Aesseounuiw] Aq pezAjeue sem efjdules jojem Yoey ..
“AlElngu) ey} Yyim esuenjjuocd ey} J€ ele Sjulog ofital leAld oo ‘seleInqu) 104

|

7/Bn T"INOD ANIZVHLY

GB6L ‘PL-ZL duUnf IAYSSYONNININI AD SLT1NS3H TYIILATYNY INIZvHLY

ERAAE] 000952__ 91 0 858 820 8e'& 90t G6/7 1780 0l-Be _ 81l6 gI dLM oljeD
70508 0009SZ_ |51 0 Z9'E 62'0 Sv'E 96/¥1/90 098 §9%8 A d LM Yyeonped
z'€082 000Z61 _|0L'0 ¥9'Z 610 R4 SB/E1/90 0108 _£148 AN dLM siBimg
0'zzal 0001Gl €10 681 520 L) G6/E1/20 ol-az _6'6es AN diph preyueBiopy
6erel 00016l |8'0 991 Gz'0 ¥5'1 G6/51/90 Ol-¥2____c6eg NI __diM Uouien W
9'00ET 00z5Gl 600 L2 £1°0 192 86/81/90 0l-€c___ec'sog AN T dLM Uosiepusy
¥ e¥9T 00zGsl |[l10 6l¢ 120 0l 'E ” G6/E1/90 ol-lz___L'\6L NI___ dLM eiliAsueag)

031031100 F1dINVS ON 0l-€l 0609 N~ T IM Aueqly mep
602l 00St0l__ 900 96°1 010 061 , 1G6/21/90 01l 9009 A LM HO eiiiasinoy
v'OEL 00l¥6 _ ||60°0 T L1'D [or1 96121780 011 g zav HO d.LM ieuuiourd
ATpjsq| 'pec] Sjo MO ASGPIS 2 UESy  eBuE 2 WA @ WEPSW 0 R o Olo@wes juPd ol oIS ToREST
sU euRZeNYy  weens ejdweg uopoe]jod » oy olyo




‘suR) apeledas oYy JOpuUn Aesseounwiur Aq pazAjeue sem vjdwes 10JeMm Yovg
‘Aleingli} oU) YA 90USR|JLI0O S} Je 88 siulod Il JoAlY OIYO 'seuenguy Jog

G'08ET 009081 |[€£0 6T 09'0 0EE 56/12/90 Li'8s _ BB i1l dLM SIIEg
v z8l €80 06t lesl _ 606 |56/1Z/90 LLLE £LGB ]l HOIND 13 1504
8'e¥8l  _fog909l Jszo [Tal s 08’ 56/1Z2/90 LL-9E _ S'SEB AX ___ d1lAMeonped
L've o0o0sZz _[|60'0 80 ¥Z'0 88°0 56/0Z/90 LS8 S'YES ANt oosseuus]|
0Lz 00001 " Jzl'o %0 620 65'0 56/0Z/90 LL-¥E  ¥QZ6 M _dpuellequinid
8'l 80z 61’0 99't 9’0 88"t __ ||56/02/90__ LL-EE  O'E6B A 1y 1meg
16 L 8Lt 0z'0 Lo') 8E'0 621 S6/0Z/90 LL-ZE  L°LLB AN 13 peyoci)
SEL 8691 SED 8E°1L 89°0 1£9°1L 56/02/90 1LlE  ¢'ELB A Y Jei®mepEl]
€001 0008LL feL'0 9L’ [ 15'0 80'Z S6/0Z/90 LL-0E _ E'LL8 AN dim siBimg
9Ll Z¥ot oz'0 SO°E 19E'0 6L'E 66/02/90 1L6Z  vi98 1l  suleg
6'SEZ 090¥ 192 20zt LY £0°g1 $8/02/90 LL-8T __ 0'gvs Tt H Ysegem
AL 009zZ |evo PV 1z ¥8'§ S6/0Z/80 _ L1{T  0'8vE NI H YsegqEm
o¥ ZEE £10 SL'Z £20 £2'T  _|lssfozfon__  11-9T _ _g'lvs AN 10 pueigBiy
L9[8 _Joovse  Jfado  zg'i Lo (81 56/02/90 116 6'6ES AN d1md pisyuedion
8'EE8 ooves  J[L1'0 Eg°L [1E'D To'C 58/02/90 [-¥T 7628 NI d.LImA Uousp Ty
€682 00{68 [oZ0 _f§69°L_ 6£°0 lge 1 §6/0Z/90 Itz Z'gos AN dLM uosIapusH
6% ez SE'Q 162 11870 _NL S6/0Z/90  ll-Zz  B'ZSL N} i3 uosBid|
EXrEH ooLse _ |lgo'0 R A LL 56/02/90 Li-lz-  £'16L NI dLM BjliasUeAT
z'v8 00¥Z1  |i90'0 ov'lL zZL'0 | GY §6/07/90 110z T 8L AN _ Y usaip|
o'zl BGL ZE0 S0°E | PECR [ge/ozisn. L6l _6CLL Ni 13 ueaBid emn
80 ¥ei 510 680 s2°0 66/61/90 Li-8L  VLEL Ni Y uosispuy
18°E L6T £2°0 £z 510 le6/al/s0 LlLL  0'E99 Nt o anig|
62 L1 GL0 610 620 56/61/90 11-9L __ 0'/59 Ni 43 ueipy)
o'z £9¢ Ja0:0 zo'l §0°0 G6I61/90 1l-61 S99 AN 1D 810
g1 90z sl'o gl |sg0 SB8/81/80 LL¥)L  66Z9 A Y yes
8'689 00EZL 620 £8°1 L9'0 lssist/on ILEL 0’809 NI 1M Auegly may|
1’0 YL vi'o o'l 820 |56/61/90 Li-zl __ §909 Nl RRELTH
£'0L9 O0EZL (910 5L'1 6£'0 56/61/90 Ll-il  9'009 AN____ 1A HD eumsmo)
gl vz 900 bLt LL'o 56/61/90 L1-0L___ 6585 A 10 spousy)
£0 z02 {00 G20 vi'o 56/6L/90 116 9'8v5 AN  Adhausy
Lz 00§z ¥0'0 120 al'g GB/61/90 11-8 gers__ . _AM Y Aqonmusy
L'E £92 6L°0 69°Z LEO 56/61/90 LL-L L'86% Ni 1 Aiaybneq
50 z8 ELQ 21y |sgo 56/61/90 irg g'ver NI 13 stsuue]
[z + E6S al'o HA) LEo [g6/61/90 LL-§ o'isp HO-NI d_Joremalium
£'0L DOBE Lo OF'E 08’0 86/61/90 Li-¥ o'Ls¥ HO __duEy g
0oL 000Z vlo Z8°0 LT0 1{e8/61/90 LLE E0LY Ho d Buitory
8'sl Joos {Z'0 ¥z'e  [tLo 66/61/90 i1z S'ESY Ho H ety 9|
L'S¥E gozss  fzl'o AN LE'0 G6/61/90 1i-l 8oy HO d.LM hEuupuD
Repfsq) 'pea| 550 'mold AdQ pig (V=TT sbuey uN g dredines Junod AN EFUITS uoeso|
ESEN ewzelly weang u_n_:._mw uopasjion » JSAY OIU0
L _

/80 “ONOD INIZVHIV

G661 'LZ-61 PuNl AYSSYONNNINI A SLINSIY TYIOLLATYNY JNIZvH LY




*suns ejesedes eely) tepun Aesseountuwy Aq pezAjeue sem o|diies 181eMm OB 4,
-AIRINGIY ey} UM eDuenjjuoo oy} 32 ale sjujod BlIA 18AMY OO ‘sepalhguy 104

6091¢ 0000L1 |62 0 82°¢C 950 96°1 25°7¢ §6/82/90 Z1-8C 8°LL6 i dim oaed
9'8811L 009041 vi0 0z’ SZ'0 0L 62’1 S6/8Z/90 ZL-98 5'GE6 A d.LM yeanped
FEEET 00LzZl 610 G9°1 SE°0 erl 8L°1 56/82/90 Z1-0E €1L.8 AN dLm siinlg
8'TO8 oolz8 g0 YN Jeoo 89°| £L°1 86/..2/80 Z1-62 6'6£8 AN dLM pleyjueBlon

31231109 INdAWYS ON G6/1,.2/90 22 7678 N! d LM UOUIBA YN
L'LT8 00298 0L'0 ZA 0 291 z8°1l §6/42/90 A4 Z'£08 AN dim Uoslapuey
£'969 00498 §0'0 | T 1'0 Pl el S6/.2/90 ZL-1E L'16L N1 dLM eBjiasueal
9°196 Q06EL L0°0 gL'0 £l sz eyl 56/92/90 AR 0’609 NI LM AuBq)Y MeN
1 °ThP looess 10 80°L 820 £68'0 12 L 186/9Z/90 L1l 9°'009 AM LM HD aljiasine
£¥0E _1oo6vg 80'0 06'0 al'o £€8°0_ ls6'0 ____||96/92/80 Zl-l 8'T9% HO 1M BBULIDULD
ABpJEq] "pED] FJ0 "mold  AeQ FiS LU=ETT epuRy unn XeN ajeq are|dwes jumdenny  8IEg uoReEso
sSEly euiZzeny Weens oidwes uopjoeljon » 18AIY oo

BN “DNOD SNIZVHLVY

§661 '8¢ 2uUN[ -9Z 2uNr AYSSYONNININL A8 S1TINS3H TYILLATYNY INIZYHLY




‘suny eyeledes eosyy Jepun Aesseounwiull Aq pazAjeue sem ojdwes Jejem Yool
-Aleynquy eyl UM SSUSN|JUOS BY) JB a8 S3Ulog I oA aQ ‘seneIngul Jod

E£'8B6GE 0081EZ |9z 0 LB'T 660 9L'C ; SB/ILOILO £L-8E g'LLE 1 dLM odie]
S’ [} 44 o0 7o' §8'0 8L°¢C E S6/L0/L0 £L-LE L'LSE 1 )} Howng 1 1sod
L'BBLT Q08LEZ [EZ'O Iz jLro 58°1 4 GE/L0/L0 £1-9€ S'SE6 AN d.1A\ Yeanped
9'zol 00028 90’0 090 [SN] §5°0 B $6/90/L0 £1-GE S'¥ES AA Y @9sseula |
i 00062 LL'0 L¥'O 1Z°0 9€E'D 9 S6/90/L0 £l-vE t'0Z6 AA H puepequing
L'E Lye L¥'0 66T LL'Q SL'T 9 |GB/90/L0 EL-EE 0’68 LA 1D feaq
82 8Lz LO'0 8EZ £L'0 ZE'Z VA 1 66/90/L0 EL-ZTE LLL8 Ad 10 pajo0d)
60l  FeloT 200 00’1 gt'0 ¥6'0 X G6/90/L0 El-lE Y'ELS AA H Jnemepes |
8'PLB1 00vSy|  [O£'D 99'¢ 660 o'z 24 §6/90/L0 EL-QF £lL8 AA dlm siimg
8'6¢ SL2C svr'o oL'd LE'D FA N2 (€ 1:) G6/90/L0 E1-6Z ¥ieg o Y suijeg
6'6C (elo}-] Y |62 __1.978C E8'Y SL'¥2 Bh S6/90/L0 £€1-82  _0O'8¥8 Lt H Yseqem
Q'S601 3]0} 74 9zl ¥Z's LG'C L8'F A S6/90/L0 El-L2 o'sde NI H Yseqep
'8 0,4 $5°'0 ri'y LB'O BL°E i 56/90/L0 £1-92 8 iv8 AA 35 pueyBiy
§'6le 005401 _|i8lO €91 lE0 61 RS §56/90/L0 £l-5¢ 6 6E8 AN d LM pleljueBiony
8'L986 008L01 |I6L°O 69°L LE'D Z8'L g S6/90/20 £l-vZ Z2'6Z8 NI dlM UOUISA "HN
8'LZ6 0OLEQL }SL'D 09'1 LZ'0 EV L 99 GB/90/L0 gl-eg Z'E08 A, d.lM Uosiepualy
|P'EZ | LGE £L°0 L8°Z1 9zl | 6EZ1 BES SG6/90/L0 €22 B'Z6L Ni 42 coa@.ﬁ
9'8ZL 0oLe0L |10 L6l LZO d: 9 QE 56/90/L0 EL-1Z LT LBL N dLM Ftasueag
O'EE 008y SL'D oT'l TE'0 660 e S6/90/L0 £1-0¢ Z'v8L A Y vaain
6'LEL 6901 87'6 £9°6¢T PZ°'6 89°ZZ &8, SB/S0/L0 EL-BL 8ZLL N| 1D uoabid 8
1’82 gL 99'C 99°ET ST's 6402 _WH §6/G0/L0 El-gl Vel N - Y Uosiepuy
L'y (154 £2°0 g6l ¥'o 181 £ S6/50/L0 eL-L1l Q’£98 N{ yeng
L'9 L8 £L'0 89°1 €20 Sl b lae/s0/lo £1-891 0'LS8 NI 1D ueipu)
S'E __Ary 800 Z§°1 SL°0 £Vl a8 G§6/50/L0 glL-Sl G'9Eg AM 40 1B110
8'EL QElLZ 0zZ'0 L1'L 6E°0Q 960 0% S6/50/L0 EL-¥l 6'6¢Z9 AA Y ies
L2468 joo¥eg 80°0 §L°T S50 S50°Z & SRISO/LO EL-EL 0'608 NI 1 Aueqpy maN
L'Z -1 Lot ELOD SE'T 97’0 'z q SBIS0/L0  ELEL 5808 NI 1D 18njlg
el ]} d:] 0L'0 ZL'z 6L0 s0'7 G6/S0/L0 gLkl 9'009 AN 1AL HD 8jiiasino’
£Z y¥e LL'0 £9°L £0 jal} S6/S0/L0 ELOL 6669 AN 13 spodiey
5Q 802 £0°0 Z¥o > 8] JSE0 G6/50/L0 eL-6 9'g¥s A d Ayomued "
LS __qgoez __ |v00 Lvo. 1£0°0 ge'0 SH/S0/LO £l-8 2'6%S A H Ajomusy
8'9¢5 162 | Ak oty v0O’S {Z'BE GB/50/L0 EL-L L'86¥ N} 13 Aeybneq
9t 8L 0’2 §58°8 Loy LL's S6/60/L0 £EL8 8'P6¥ _ NI 32 siguue ]|
E'lZ 05801 02’0 _ jJEL’E M) 9E'E 56/60/L0 EL-S o'le¥ HO-N! H iajemadiym
A 00EL ZT0 69'E 50 v'e S6/50/L0 1 d Q' L6t HO Y e 5
z'g 0011l EQ'0 LE'L 500 GE'L S6/60/L0 £1-E E'0LY HO 4 Bupjon
802 00Z1| L{Z'o ZZ'e 8L'0 §L'C | GBIG0/LO ELZ S £E9Y HC Y el a3
Z'BBE 0QELS SL'D PE L 62'0 81°L 158/50/L0 £1-1 8'Zo9 HO o LA Beudiouis
Ep/5q) 'pEO] BJ0 "Mojd  ASQ IS CEOR sBuey ) aeqg a1 edares  uiog ojifij JeIg uopeEsn
sSSE|y BUZENY  weslS uonae|og « JOAIY OIYQ

_ —J

/BN “ONOD SNIZVH1Y

S66L ‘L AINF - g AInp G AVSSYONNWNING AG SLTNSTY TVILLATYNY INIZVHLY







Appendix







Results of Confirmation Analyses for Other Herbicides

Immunoassay

Atrazine

Atrazine GC Alachlor GC Simazine GC Metolachlor GC

Cyanazine GC

Location Sample ID  Median  Confirm. ug/L Confirm, ug/l. Confirm, uagfl, Confirm, ua/l, Copfirm, vafl
L. Wabash R 28-13 28.98 19.60 0.64 2.24 5.41 7.22
Little Pigeon Cr 19-13 22,89 18.30 0.45 Q.77 1.90 5.45
Hightand Cr 26-7 12.50 7.51 <0.20 2.56 3.75 0.19
Saline R 29-8 10.51 10 90 1.10 0.90 3.53 1.33
Green R 20-5 9.90 7.58 0.53 1.38 3.92 0.2
L. Wabash R 28-7 7.77 4.52 <0.20 1.63 0.75 1.10
Wabash R 27-13 6.27 4.27 0.30 0.37 2.02 2.29
Wabash R 27-11 4,70 410 <0.20 0.18 7.75 2.68
Saline R 238-13 4.28 2.75 1.35 0.43 0.80 0.75
Whitewater R 5-13 3.75 268 0.33 0.23 1.09 1.33
Cairo WTP 38-7 3.70 2.64 <0.20 0.44 0.85 0.90%
G. Miami R 4-13 3.68 2.02 0.33 0.30 1.31 0.92
Whitewater R 5-7 3.68 2.18 0.37 <0.07 0.60 0.99
Little Miami R 2-11 3.25 1.67 <0.20 < 0.07 0.82 Q.60
Little Miami R 2-13 3.23 1.84 0.63 0.39 1.07 1.51
Cairo WTP 38-9 3.16 3.05 0.21 0.24 <0.20 1.13
Little Pigeon Cr 19-7 3.11 171 < 0.20 .28 <0.20 0.30
Pigeon Cr 22-9 2.96 2,22 <0.20 <0.07 <0.20 0.47
Cajro WTP 38-13 2.88 1.77 <0.20 0.37 Q.64 0.82
Past Cr Cutoff (Cache 37-13 2.86 1.93 0.30 .31 0.60 0.25
Tradewater R 31-9 284y 2.36 <0.20 0.40 <0.20 <0.10
Cairo WTP 38-11 2.77 2.13 <0.20 0.23 <0.20 0.82
Paducah WTP 36-7 2.44 1.18 <0.20 0.15 <0.20 0.41
|Highland Cr 26-9 2.44 1.56 <0.20 0.28 <0.20 <0.10
New Albany WTP 13-9 2.43 1.66 <0.20 <0.07 <0.20 0.91
Blue R 17-7 2.40 1.32 <0.20 0.11 0.35 <0.10
Henderson WTP 23-9 2.34 1.59 <0.20 0.19 <0.20 0.40
Green R 20-7 2.25 1.41 <0.20 Q.42 <0,20 <0.10
Laughery Cr 7-9 1.80 1.26 <0.20 Q.13 <0Q.20 0.45
Loutsville CH WTP 11-11 1.78 1.01 <0.20 Q.13 <0.20 Q.54
Little Pigeon Cr 19-5 1.76 1.6 <0.20 0.43 <0.20 0.37
Sturgis WTP 30-11 1.73 119 <0Q.20 0.17 <020 0.53
Evansville WTP 2111 1.66 0.72 <0.20 <0.07 <0.20 0.44
Wabash R 27-5 1.50 1.51 <0.20 0.46 0.63 0.28
Cairo WTP 38-5 1.42 1.24 <0.20 0.46 0.65 0.21
Indian Cr 16-9 1.32 0.72 <0.20 <0.07 <0.20 <0.10
Green R 20-13 1.25 0.69 <0.20 0.38 <0.20 0.31
Cincinnati WTP 1-11 1.16 0.67 <0.20 <0.07 <0.20 0.34
Blue R 17-5 1.06 .98 <0.20 0.27 0.2 <0.10
Anderson R 18-7 1.03 0.45 <0.20 0.22 <0.20 <0.,10
Morganfield WTP 25-7 0.98 0.69 <0.20 <0.07 <0.20 0.11
Whitewater R 5-5 0.78 0.79 <0.20 0.28 0.42 0.16
Tennessoe R 35-11 0.57 0.28 <0.20 <0.07 <0.20 <0.10}
G. Miami R 4-5 0.52 0.63 <0.20 0.29 0.54 0.22
Cumberland R 34-11 0.49 0 30 <0.20 <0.07 <0.20 <0.10
Cumberland R 34-5 0.38 0.54 <0.20 0.27 <0.20 <0.10
Kentucky R 8-11 0.20 <0.1 <0.20 <0.07 <0.20 <0.10
Louisvilla CH WTP 11-5 0.19 0.38 <0.20 0.26 0.42 0.13
Tennessee R 35-5 0.10 0.31 <0.20 0.25 <0.20 <0.10
Mt. Vernon WTP 24-9 2.12 <(3.20 0.15 «<0.20 0.86
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