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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, metolachior, cyana-
zine, and simazine), and to evaluate the immun-
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 informa-
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 ORSSANCO 
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 corn and soybean 
crops in lower Ohio 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 Ohio River Basin include: metolachlor 

(20 million lbs./yr.), alachlor (13.8 million 
lbsiyr.), cyanazine (11.2 million lbs./yr.), and 
pendimethalinn (5.5 million lbs./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 
intakes) were sampled weekly from April 
through early July. The study was limited to the 
lower half of the Basin from Cincinnati, 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 
tributary samples from bridges and Ohio River 
samples at water intakes. Samples were brought 
back to ORSANCO headquarters and analyzed 
for atrazine in-house using magnetic particle, 
enzyme-linked, immunoassay tests supplied by 
Ohmicron. 	These tests required multiple 
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, metolachior, cyanazine, and 
simazine. 

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

Atrazine concentrations on certain tributaries 
were occasionally quite high, with levels in 
excess of 60 xgIL (20 times the M) 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 Mc implemented a policy to add carbon 
when atrazine levels in the Ohio River exceed 
half the MCL (1.5 tg/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- 

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

The immunoassay analytical technique consist-
ently produced atrazine results higher than by 
U.S. EPA Method 507 (by GC). For samples 
with atrazine concentrations at or below 5 jig/L, 
results by the immunoassay on average were 
approximately 0.7 jsg/L higher than by gas 
chromatography. A correlation of atrazine con-
centrations produced by the immunoassay 
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, m. 

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

4. Facilitate exchange of information between 
water utilities concerning 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 
- atrazine, cyanazine, simazine, alachlor, and 
metolachlor - were applied to crops in 1994. 
Particularly during spring and summer, large 
quantities of these substances are transported, 
by runoff 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 
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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 ineffective, 
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 
monitoring by water utilities at a frequency 
insufficient 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 Corn 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-
tored 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 handful 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, a 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 in 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 metolachior. 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 technique. 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) is an interstate water 
pollution control agency that was established as 

3 



a provision of and to implement the Ohio River 
Valley Water Sanitation Compact, signed in 
1948 by the governors 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 governors, 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 response 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-
cerning pesticides in the lower Ohio River 
Basin, the Commission was uniquely position-
ed, and thus implemented this survey. 

The Basin 
The Ohio 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 Ohio 
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 Ohio River as a source of drink-
ing water. The Ohio 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 Ohio 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 Ohio 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. Atrazine, metolachior, alachlor, 
cyanazine, and simazine are five of the most 
heavily used pesticides within the Basin (see 
Table 1). Nationally, 84 percent of all corn 
acreage receive at least one of these five herbi-
cides and 51 percent is treated with two or 
more('). In the states that make up the lower half 
of the Basin (OH, IN, KY, IL), these five herbi-
cides accounted for an estimated 70 million 
pounds applied to corn 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 corn and 
soybeans provided by the Agricultural Statistics Services 
of OH, ICY, IN, IL and pesticide sales data from the KY 
Division of Pesticides. 
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Figure 1. Ohio River Basin 
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Less than 24 lbs / sq. mile I year 

Q 24 - 138 lbs I sq. mile / year 

Greater than 138 lbs I sq. mile I year 

Ranking Pesticide - 	in 1000 lbs. 
1 Atrazine 23850 
2 Metolachlor 20071 
3 Alachior 13772 
4 Cyanazine 11259 
5 Pendimethalinn 5461 
6 Glyphosate 3504 
7 2,4-D 2851 
8 Bentazon 2564 
9 Chloryrilos 2154 

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

Atrazine, registered in 1958 by Ciba Corpora-
tion, is from the triazine family of herbicides. It 
is used as a we-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 
Illinois (Fig. 2). Nationally, 66 percent of all 
corn is 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. 

Table 1. The 15 most used pesticides in the lower Ohio 
River Basin states (OH, IN, IL, KY) for corn and 
soybeans-1994 (Figures include quantities 
applied outside the Ohio River Basin). 

Figure 2. Atrazine Usage in the Lower Ohio River Basin (1993) 
(Quantities may be based on data other than actual use, such as sales data). 
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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 corn 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, metolachior 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 in 
1994. (Fig. 3) Metolachlor has become the 
substitute for alachlor in areas where alachlor 
has been banned, and appears to be replacing 
alachlor in the Basin as well. 

Po
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Figure 3. Total Herbicide Usage in the Lower Ohio River Basin (OH, KY, IN, XL)'. 

Metolachlor, an acetanilide herbicide, was first 
produced in 1976 by Ciba Corporation. It is a 
pre-emergent pesticide used to control weeds in 
corn 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 corn 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 corn 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 corn and soy-
beans. Within the Basin, the percentage of corn 
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 
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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 triazme class of herbicides. It was 
developed by DuPont in 1971 for use on corn 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 
cya11a7ine 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-
mined to sell existing stocks through September 
1, 2002, with all use prohibited after December 
31, 2002. 

Simazine is a Iriazine 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 corn 
acreage treated with slm07lne 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,,3 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 4 . 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, 
mg/L 

Soil Half-Life 
days 

I 

Atrazine 33 60 100 
Cyanazine 170 14 190 
Alachior 240 15 170 
Simazine 6.2 75 138 
Metochior 530 20 200 

Table 2. 	Physical characteri tics of atrazine, cyana- 
zine, alachlor, simazine, and metolachlor 4 . 

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 
hunans°. 	Other epidemiological studies 
suggest atrazine exposure may cause cardiac, 
urogenital and limb reduction birth defects". 
Due to human health concerns, 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 j.tg/L for atrazine. 
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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. 

Metolachior 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 
p.g/L has been proposed and is currently under 
review, however no drinking water standard for 
metolachior currently exists. 

Alachlor is banned in Massachusetts, Canada 
and the Netherlands due to human health con-
cerns. 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 0. An MCL of 
2 sgJL has been established for the protection of 
human health. The MCLG for alachior, as with 
all carcinogens is 0 j.tg/L. 

Cyanazine is classified as a possible human car-
cinogen. An MCL of 1 jig/L has been proposed 
for cyanazine. The EPA has deemed cyanazine 
a developmental toxicant and teratogen, and 
requires all herbicides containing cyRnnine 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 jig/L. 

SAMPLING PROGRAM 

Sampling 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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Site 
m 

Sampling Location Ohio River Mile 
(Confluence if tributary) 

State Station 
Type 

Sampling 
Frequency 

1 Cincinnati WT? 462.8 OH Ohio River Weekly 
2 Little Miami River 463.5 OH Tributary Biweekly 
3 Licking River 470.3 KY Tributary Biweekly 

Biweekly 4 Great Miami River 491.0 OH Tributary 
5 Whitewater River 491.0 IN Tributary Biweekly 
6 Tanners Creek 494.8 IN Tributary Biweekly 
7 Laughery Creek 498.7 IN Tributary Biweekly 
8 Kentucky River 545.8 KY Tributary Biweekly 
9 Little Kentucky River 546.6 KY Tributary Biweekly 

10 Harrods Creek 595.9 KY Tributary 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 731.4 IN Tributary Biweekly 
19 Little Pigeon Creek 772.9 IN Tributary Biweekly 
20 Green River 784.2 KY Tributary Biweekly 
21 Evansville WT? 791.7 IN Ohio River Weekly 
22 Pigeon Creek 792.9 IN Tributary Biweekly 
23 Henderson WI? 803.2 KY Ohio River Weekly 
24 Mt. Vernon WI? 829.2 IN Ohio River Weekly 
25 Morganfield Wi? 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 WI? 871.3 KY Ohio River Weekly 
31 Tradewater River 873.4 KY Tributary Biweekly 
32 Crooked Creek KY Tributary Biweekly 877.7 
33 Deer Creek 893.0 KY Tributary Biweekly 
34 Cumberland River 920.4 KY Tributary Biweekly 
35 Tennessee River 934.5 KY Tributary Biweekly 
36 Paducah WT? 935.5 KY Ohio River Weekly 
37 Post Creek Cutoff 957.7 IL Tributary Biweekly 
38 Cairo WI? 977.8 IL Ohio 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 utili-ties 
conduct frequent atrazine analyses on the Ohio 
River, therefore, the use 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 wail of the test tube. The test tube is then 
rinsed 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 is from 0.05 ig/L to 5.0 jsgtL. 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 jsg/L are outside of the linear 
working range of the standard curve. These 
samples must be diluted to below 5 jzg/L such 

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 certain 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 pipettmg 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 
batches. 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 results, 
each sample was filtered in the laboratory prior 
to performing the test. Disposable 0.2 Am 
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 survey, samples were 
filtered in the field using Gelman 0.45 Am 
ground water capsules. Side by side analyses of 
filtered and unfiltered samples indicated that 
atrazine was being removed from the water 
sample by the Gelman filter. The use of these 
filters was immediately 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 
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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. Mother 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 (3(2 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 jig/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 snplyses. In addition, 
little training is required to perform the test, 
results are available quickly, little sample prepa-
ration is required, and the test is highly sensi-
tive. The low cost nature of this test enabled 
ORSANCO to conduct the survey, thus the 
benefits outweighed the disadvantages associa-
ted with this analytical technique. Another 

advantage of the immunoassay is its sensitivity 
with detection levels of 0.05 xgfL (according to 
the manufacturer). In actuality, quantifiable 
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 inununoassay method was 0.66 .tg/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 conjunction with the ORSANCO 
survey and analyzed in triplicate by the 
immunoassay technique. Atrazine data from 
Louisville 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 used in the following 
assessment to minimize inaccuracies inherent to 
the test methodology. 
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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 sampling at 
10 water intakes from April through early July 
1995. This graph shows the distribution of 
atrazine concentrations over the survey period. 
Atrazine concentrations fluctuated substantially 
over the 13 week period from a low of near zero 
to almost 4 jsglL at Cairo, IL. 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 avenge curve. 

900 	800 	700 
	

600 
	

500 
Ohio River Mile 

Cairo 
	 Evansville 	 Louisville 	Cincinnati 

Figure 5. Atrazine Concentrations in the Ohio River (April - July, 1995) 
(Sampling locations are referenced by number in Table 3). 
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Cincinnati, MP 462.8 
Louisville, MP 600.6 

-0- New Albany, MP 609.0 

.-..-- Evansville, MP 791.7 
. 	Henderson, MP 803.2 

- -o-- Mt. Vernon, MP 829.2 

4- Morganfield, MP 839.9 
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May 	 June 	 July 

-.- Sturgis, MI' 8713 
.j 	Paducah, MP 935.5 

-Q- Cairo, MP 977.8 

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

of June, tail off slightly through the end of June, 
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. 

Figure 6. Temporal Change in Mainstem Atrazine Concentrations. 
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With the exception of Morgan±ield, and to a 
lesser extent Mt. Vernon, 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 
tg(L at Cairo for extended periods of time, 

while concentrations at Paducah and Sturgis 
occasionally reach the MCL. 

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 discern-
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 
atrazine concentrations occurred at quite 
different times 
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Ohio River at Louisville 

Ohio River at Evansville 

1994 	 1995 

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 points 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 concentratons 
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 ofAtrazine 
The 29 largest tributaries to the Ohio River were 
sampled every other week to determine the 
major sources of atrazine in the main 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 jig/L, 25 per-
cent of those sampled had maximum levels 
above 20 .igJL. The maximum concentration 
measured was approximately 60 gg/L in High-
land Creek in Kentucky, which is 20 times 
higher than the drinking water MCL of 3 pgJL. 
Fortunately, this tributary is one of the lowest 
flow streams included in the survey, thus its 
impact on the Ohio 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 concern on tribu-
taries, especially in streams used as a source for 
public water supply, mass loading (i.e., lbs. per 
thy) is used to evaluate the relative importance 
of tributaries as sources of atrazine to the Ohio 
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 Ohio 
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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Other Tribs 5.8% 
Tennessee R. 1.3% 

Tradewater R. 1.1% 
Saline R. 2.3% 

Above Cincinnat 9.8% 

L. Wabash R. 8.9% 

G. Miami K. 10.8% 

Green R. 6.8% 

Highland Cr. 1.2% 

Wabash R. 37.9% 

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, 
IL is calculated. The average of these rounds is 
then presented in the figure. There are eight 
tributaries which contribute one percent or more 
of the total Ohio River atrazine loading, the 
Wabash River being by far the largest source 

contributing an avenge of 38 percent. The 
avenge 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 tributary inputs 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 (tributaries, 
direct runoff, etc.) not included in the survey 
was approximately five percent. The average 
contribution of the largest sources was as fol-
lows: Wabash River (38 percent), Great Miami 
River (11 percent), Little Wabash River (nine 
percent), and the Green River (seven percent). 

Mass Unaccounted For 14.1% 

Figure 10. Average Tributary Contribution of Atrazine to the Ohio River (April - July, 1995) 
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Drinking Water Treatmentfor Atrazine 
The Evansville water utility initiates powder 
activated carbon treatment when Ohio River 
source water reaches one half the maximum 
contaminant level (1.5 ggIL). 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 minors 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 II million pounds 
were applied to corn crops in the lower Basin in 
1994, the following other pesticides were com-
monly used: metolachlor (9 million lbsiyr.), 
alachlor (6 million lbs./yr.), cyanazine (3 
million lbsiyr.), and simazine (<1 million lbs./ 
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. 

Figure 11. Effects of Drinking Water Treatment on Atrazine Levels 
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In addition to atrwzine 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 alachior, metolachior, cyanazine, 
and simazine, in addition to atrazine. Appendix 
B continc 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 seen 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 jsglL. Cyana-
zine is present in a large percentage of samples, 

20 percent of which are greater than its MCL of 
1 ig/L. Metolachlor was detected in approxi-
mately 50 percent of confirmation samples, but 
never at a level anywhere near its proposed 
MCL of 100 jig/L. Simazine was detected in 
three quarters of the confirmation samples, 
while the maximum concentration was only half 
its MCL of 4 j.tg/L. Alachior was rarely 
detected in confirmation samples, while its 
MCL 'of 2 j.tg!L was not exceeded in any 
confirmation samples. 
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Figure 12. Composition of 49 Anilyses by Gas Chromatography for 5 Herbicides 
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Figure 13 shows the avenge 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 ig/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. 

Quality Assurance Performance Results 
Two primary activities were conducted to assure 
that valid data were collected and generated for 
this study. First, analyses performed in-house 
by the immunoassay 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 
contact 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% 

Cyanazine 149% 
	

Metolachlor 10.9% 

Figure 13. Average composition of 49 Samples Analyzed by GC. 
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Figure 14. 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 a number 
of cases. 

3. Results by the immunoassay technique for 
samples above 5 jsg'L were substantially 
less certain than those below 5 jig/L 
(samples above 5 p.gIL 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 .tgfL. Samples below this con-
centration are within the linear working range of 
the immunoassay test and require no dilution. 
Samples above 5 p.gIL must be diluted to fall 
within the linear range (0.05 psg/L to 5.0 jsg/L) 
of a standard curve which is developed for each 
run of the immunoassay test. Of 43 observa-
tions below 5 p.g/IL, there were only four cases 
in which the atrazine concentration by GC was 
higher than by the immunoassay technique. 

These cases occurred 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 triazme 
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 in-
house (causing additional error), was 0.68 ).tg/L 
with a standard deviation of 0.47 jsg/L. Based 
on those 43 observations, there is a 90 percent 
probability that the difference in methods would 
be 1.5 psgiL or less, and a 95 percent probability 
that the difference would be 1.6 sgfL or less. 
There is a reasonably high degree of certainty 
then that the immunoassay technique is accurate 
to within 1.5 or 1.6 jsg/L, and that the immuno-
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* Gray bar indicates GC Confirm greater than immunoassay. 
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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 xgt 
with GC confirmation analyses, the average 
difference in results was 3.85 pgIL. 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 th'n 5 jitg/L is 
associated with sample dilution. A maximum 
concentration of 5 j.tg/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 iimnunoassay 
technique, over 1200 individual analyses were 
performed. While approximately tripling the 

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 jsg/L (atrazine) was 3.4 j.ig/L, while the 
average range for data less than 5 j.tg/L was 0.3 
.tg/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. 
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4 
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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 (r) of 
0.85 between the median immunoassay atrazine 

4 	  

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

0 

Immunoassay GC Confirm 

0 
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Weekly Grab Samples from Cairo WTP 
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Figure 16. Atrazine by Immunoassay Technique VS. GC Confirmation Results at Cairo, IL. 
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Figure 17. Correlation Between Immunoassay and GC Methods. 
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CONCLUSIONS 

1) Herbicide Use 
An estimated 70 million pounds of 

five herbicides (atrazine, cyanazine, sima-
zinc, metolachior, and alachlor) were 
applied to corn and soybean crops in 1994 
within the states which make up the lower 
Ohio River Basin (IL, IN, KY, and OH). 

2) Atrazine Use 
Atrazine is the most heavily used 

herbicide in the lower Ohio River Basin, 
with an estimated 23 million pounds applied 
to corn 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. 

3) Trends in Herbicide Use 
While atrazine use has remained fairly 

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

4) Herbicide Characteristics 
The herbicides addressed in this report 

are persistent in the environment and 
soluble (except simazme) in water, making 
these substances quite mobile in the aquatic 
system. 

5) 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. 

6) Ohio River Atrazine Concentrations 
Atrazine concentrations in the Ohio 

River generally increase in a downstream 
direction to maximum concentrations at the 
Cairo, IL water intake. Concentrations 
occasionally exceeded the Safe Drinking 
Water Act Maximum Contaminant Level 

(MCL) based on iminunoassay 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. 

7) Concentrations of Other Pesticides 
Besides atrazine, cyanazine was the 

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

8) 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. 
Vernon, 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. 

9) 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. 
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10) Tributary Atrazine Concentrations 
Atrazine concentrations in several tribu-

taries were quite elevated. Concentrations 
as high as 60 gg/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. 

11) Major Tributary Sources of Atrazine 
Based on the average atrazine mass 

loading of seven rounds of tributary sampl-
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% 
• Highland Creek 1% 
• Tennessee River 1% 
• Tradewater River 1% 
o All Sources Combined 

Above Cincinnati 10% 
• Mass Unaccounted For 14% 

12) Composition of Herbicides in 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:  

• Atrazine 61% 
• Cyanazine 15% 
• Metolachlor 11% 
• Simazine 11% 
• Alachlor 2% 

13) Cost-effective Aspects of Immunoassay 
Analytical Test 

Utilization of the immunoassay techni-
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 Immunoassay 
Technique 

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

15) Inaccuracies Associated With Immune- 
assay Technique 

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

16) Correlation of Immunoassay to GC 
Methods 

Atrazine concentration correlations 
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). 
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RECOMMENDAI1ONS 

1) Monitor Trends in Pesticide Use 
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. 

2) 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 
ease 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. 

3) Provide Early Warning to Water Utilities 
All water utilities using the Ohio River 

as a source of drinking water should be 
notified when levels of atrazine exceed half 
the MCL (1.5 pig/I), based on monitoring 
from Louisville, Evansville and Cairo (if 
monitoring is installed) water utilities. 

4) Furilitn'e 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.  

5) Priority Watersheds for State Nonpoint 
Source Control Programs 

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

Location 

Immunoassay 
Atrazine 	Atrazine GC Alachlor GC Simazine GC Metolachior GC Cyanazine 00 

Sample ID 	Median 	Confirm. ucifL Confirm. uafL Confirm ucjfL Confirm ug! 1. Confirm, uqfL 

 

   

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 0.77 1.90 5.45 
Highland Cr 	 26-7 12.50 7.51 <0.20 2.56 3.75 0.19 
Saline 	 29-9 10.51 1090 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 	 28-7 737 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 	 29-13 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 0.60 
Little Miami R 	 2-13 3.23 1.94 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 1 71 <0.20 028 <0.20 0.30 
Pigeon Cr 	 22-9 2.96 2.22 <0.20 <0.07 <0.20 0.47 
Cairo WTP 	 38-13 2.88 1.77 <0.20 0.37 0.64 0.82 
Post Cr Cutoff (Cache 	37-13 2.86 1.93 0.30 0.31 0.60 0.25 
Tradewater R 	 31-9 2.84 2.36 <0.20 0.40 <0.20 COiO 
Cairo WTP 	 38-11 2.77 2.13 <0.20 0.23 <0.20 0.92 
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 	 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 0.42 <0.20 <0.10 
LaugheryCr 	 7-9 1.90 1.26 <0.20 0.13 <0.20 0.45 
Louisville CH WTP 	11-11 1.78 1.01 <0.20 0.13 <0.20 0.54 
Little Pigeon Cr 	 19-5 1.76 1.6 <0.20 0.43 <0.20 0.37 
SturgisWl'P 	 30-11 1.73 1 19 <0.20 0.17 <020 0.53 
Evansville WTP 	21-11 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 	 15-9 1.32 0.72 <0.20 <0.07 <0.20 <0.10 
Green R 	 20-13 1.25 0.69 - 	<0.20 0.36 <0.20 0.31 
Cincinnati WTP 	 1-11 1.16 0.67 <0.20 <0.07 <0.20 0.34 
Blue A 	 17-5 1.06 0.98 <0.20 0.27 0.2 <0.10 
Anderson A 	 18-7 1.03 0.45 <0.20 0.22 <0.20 <0.10 
Morgantield 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 0.29 0.42 0.16 
Tennessee 	 35-11 057 0.28 <0.20 <0.07 <0.20 <010 
G. Miami R 	 4-5 0.52 0.63 <0.20 0.29 0.54 0.22 
Cumberland R 	 34-11 0.49 030 <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 	 8-11 0.20 <Oi <0.20 <0.07 <0.20 <0.10 
Louisville 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 <0.20 0.15 <0.20 0.86 
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