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Abstract 

A literature review was conducted on the uses, 
fate. and‘ effects of atrazine on raw water for

' 

drinking water suppiy, freshwater aquatic life, 
agricuitural water uses, recreationai water qua1ity 
and aesthetics, and industriai water supplies. The 
information is summarized in this pubiication. 
From it, water quality guideiines for the 
protection of specific water uses are recommended. 

Résumé 

On a examine Ia documentation reiative aux 
utilisations, au devenir et aux effets def. 
1'atrazine sur 1'eau naturelle utiiisée comme eau 
pdt§b1e non traitée. sur la vie aquatique en eau 
douce, sur 1‘uti1isation de 1'eau pour 
1'agricu1ture, sur la qualité de 1'eau pour les 
1oisirs et 1'esthétique. _ainsi que sur 1es 
approvisionnements en eau pour 1'industrie. Ces 
renseignements sont resumes dans cette publication. 
A partir de cette etude, des lignes djrectrices sur 
1a 'qua1ité de 1'eau sont recommahdées pour la 
protection d'uti1isations particuiiéres de l'eau.
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SOURCES, OCCURRENCE. AND CHARACTERISTICS 

uses and Production 

Atrazine, which is the common name for 6-chlo- 
‘ ro-H2-ethyl -5“--1‘ sopropyl-1»,3i,5-t~riazine-2.4—diamine 

' 

(IUVPAC) or 2-chlo"roe.4—ethylamino-6-isopropylamino— 
1,3,5-triazine (C.A.). is a white crystalline 
compound with a olecular weight of 215.7 and a 
molecular formula of C3H14ClN5. The structural 
formula of atrazine ism shown in Figure 1. The 

C: \l/N \ NHCH2CH3
I 

N \'%N 
Nncmcngz 

Figure 1. Structural formula for atrazine. 

Chemical Abstracts Service Registry Numberd for 
atrazine is 1912-24-9. other synonymous names for 
atrazine and its various comercial formulations 
are AAtrexR. Atazinax. Atranex, Atratol A. Candex. 
Cekuzina-T, Fenamin, Gesaprim, Inakor, Primatol A. 
Primaze, Radazin. Vectal. Zeasin, and AAtrex-9-0 
(Thomson. 1979; Horthing and walker, 1983; Need 
Science Society of America. 1983). 

Atrazine is a selective pre- and postemergence 
herbicide widely used on agricultural crops 
including corn, sorghum, sugarcane. and pineapples 
for the control of annual broadleaf and grassy 
weeds (Heed Science Society of America, 1983). 
Other uses include treatment of turf and asparagus, 
as well as forestry applications. In Canada, there 
are currently 24 companies marketing 4 domestic and 
53 commercial products Containing atrazine. Domes- 
tic uses include the control of algae in aquariums 
"and ornamental ponds and application as a soil 
sterilant around driveways. patios. and fencelines. 
Commercial uses include the control of weeds. 
mostly grassy types, in corn production and appli- 

cation as a soil sterilant on noncroplands, such as 
airfields. parking lots, and industrial sites 
(Environment Canada/Agriculture Canada, 1987). 

Atrazine was first introduced in Canada about 
1960 to control weeds in corn production. At 
present, atrazine represents one of the most widely 
used pesticides in Canada (Environment Canada] 
Agriculture Canada, 1987). A survey of the amount 
of pesticides sold to Quebec farmers in 1982 
revealed that triazines and 
include atrazine, were the largest group of 
pesticides sold, for a total of 570.8 t. Individual 
pesticides were not quantified in this survey 

V 

(Environment Canada/Hinistére de l'Environnement du 
Quebec, 1984). In Ontario. a total of 1 729 680 kg 
of the active ingredient was used in agriculture 
and on roadsides in 1983. This was the most 
heavily used pesticide in Ontario that year (McGee, 
1984). By 1988, atrazine had dropped to the second 
most heavily used pesticide in Onario with a total 
of 1 045 110 kg used that year (Moxley, 1989). The 
quantities of formulated atrazine herbicide and 
technical atrazine imported into Canada are shown 
in Table 1. 

Depending on the crop or the intended use, 
atrazine may be applied as a preeplant, 
preemergence. or postemergence herbicide. Rates of 
1 to 4 kg-ai-ha‘ (ai = active ingredient) are 
usually recommended. Higher dosages are applied 
when atrazine is used as a nonselective herbicide. 
Atrazine is found in liquid, wettable powder, 
emulsion, and granular formulations. 

The principal mode of action of atrazine 
appears to be the blockage of photosynthesis. 
Atrazine has been documented to be a potent 
inhibitor of the Hill reaction and its associated 
noncyclic photophosphorylation (Ashton and Crafts,

' 

1973; Moreland, 1980). More recent findings 
suggest that the site "of atrazine action in 
chloroplasts may be the apoprotein of the secondary 
electron acceptor‘ in photosystem II (Gardner. 
1981). - 

triazoles. which «



Table 1. Statistics Canada Import Data for 
Atrazinel . 

Year _V 1981 1982 1983 1§84 1985 

Atrazine 2088 1719 
formulation 
(tonnes) 

'23o7' 3248 5428 

Atrazine», 459‘ 735 407 ‘ 553 307 
technical 
(tonnes) 

I From Statistics Canada, 1986. 

Note: 
Generally. but not always, Statistics Canada 
records the imports of. formulated pesticides and 
bulk or technical pesticides. Readers should be 
cautioned about the accuracy of.the data. There 
*are twd points to remember: 

1. The quantities refer to the mass of the product 
(i.e., not the active ingredient) ind likely 

V 

include solvents and additives (e.g., 
surfactants). Secondary pesticide active 
ingredients may also be included.

' 

2. There are often several categories under which 
a product could .be. classified. For example. 
there may be a specific formulated pesticide 
category, a more general pesticide category 
(based on the chemical or functional similarity 
of) a group of pesticides), or an even more 
general chemical or product category. which may 
include nonpesticides. Therefore. at single 
category— may not reflect the total importation 
of a particular pesticide.

‘ 

Physical and Chemical characteristics 

The ~ physical and chemical properties of 
atrazine are summarized in Table 2. Its solubility 
in water at —27°C has been reported (as 33 mg~L'1 

(Heed Science Society) of America, 1983). but an 

aqueous) solubility of 30 mg-L'1 at 20‘C has also 
been widely published (Burkhard and Guth, 1981). 
Atrazine is stable in slightly acidic or basic 

‘F Molecular weight: 

'+ 

aqueous solutions, but_ is hydrolyzed to hydroxy 
derivates by alkali or mineral acids (Hindholtz et 
al., 1983). 

Table 2: Physical and Chemical 
Atrazine 

Properties .of 

Chemical formula: c3n14ciu5(1) 

215.7(1) 

Physical state: white,-crystalline solid (2) 

Henryls law constant: 2.45 x 10‘7(3) 

Melting point: 173—175°c(2) 

3 x 10‘7 m Hg at 2O°C(4) 
5.9 x 10-5 mm Hg at 25°c(3) 

Vapour pressure: 

Sediment-water 
distribution‘ 
coefficient: 149g153(3) 

0ctanol'water 
partition

_ 

coefficient (K0,): 223.9(5) ”' 
425.5(5) 
345a.o(7) 

_ 

512.9(3) 

Solubility: , 

water ”770 mg/L at 259C(4) 
‘ 

Kiss mg/L at 27°c(2) _ 

ether 7 12 ooo mg/L at 27°c(2) 
chloroform 52 000 mg/L at 27°c(?) 

13 000 mg/L at 27sc(3) methanol 

Elemental ana1ysis:' C. 44.55%: H. 5.54%; - 

Cl, 15.44%; N, 32.47%(1) 

Half-life in soils: 20-43(3) 

luindhnltz et a1..“i§é§.
V 

Zfleed Science Society of America. 1983. 
3Huckins et_ei,. 1986. 
4verscnuereh. 1983. 
5Metca1fe and Lu, 1977. 
5veitn et al.. 1979. 
7chiou et al.. 1977.



The n-octanol/water partition coefficient of 
atrazine estimated by Chiou et al. (1977) was 3468 
(log Kow = 3.54). Metcalfe and Lu (1977) and Veith 
et al. (1979) published log K0, values of 2.35 and 
(2.63, respectively. 

Atrazine in the Environment 

Atrazine is usually surface-applied as a pre- 
emergence spray to cultivated soils. Upon 
application, atrazine distributes or partitions 
among the various_compartments of the environment 
in accordance with its physical-chemical properties 
and environmental conditions. The various 
processes governing the fate of atrazine in the 
environment include hydrolysis, adsorption, 
microbial degradation, volatilization. and 
photodegradation. 

Chemical hydrolysis of atrazine 
_ to 

hydroxyatrazine has been reported as an important 
pathway of atrazine degradation in soil (Armstrong 
et al., 1967). The rate of this first order 
reaction is mainly controlled by soil pH and 
organic matter content. An increased rate of 
atrazine hydrolysis was observed in acid soils. 
Half-lives or 95-165 d, 145-350 d, and 3-5 years 
were estimated for pHs .of 4, 7, and 8, 
respectively. For soils of similar pH, atrazine 
degradation rates increased with greater atrazine 
adsorption. The rate of- atrazine degradation by 

' 

hydrolysis‘ increased as a result of the catalyzing 
effect of soil adsorption (Burkhard and Guth, 
A1981), As_adsorption increased. the half-life in 
soil decreased. The effect was attributed to a 
reversible adsorption process with an equilibrium 
maintained between solution phase and adsorbed 
atrazine and hydroxyatrazine. During the course of 
hydrolysis, hydroxyatrazine was less strongly 
adsorbed. 

Clay, organic matter, temperature. and pH play 
"important roles in the adsorption phenomenon. The 
Kd value (ratio of quantity adsorbed to quantity in 
equilibrium solution) for an s-triazine and 
exchanger was reported to remain relatively 
constant over a concentration range of 2 to 20 
mg-L’1 (Talbert and Fletchall, 1965). In addition, 
the adsorption reaction equilibrated within 1 h. 
Atraiine adsorption was reversed by increasing 

Higher temperatures or elution with water. 

temperature and pH resulted in lower adsorption of 
atrazine. Increased adsorption occurred with 
increased concentrations of organic matter or clay. 
with the organic matter being much more adsorptive. 
Harris and warren (1964) also reported organic 
matter adsorbed more atrazine residues than mineral 
materials. Desorption of atrazine was found to 
occur slowly and incompletely on organic soils. 

‘Studies of chemical hydrolysis of atrazine in 
aqueous fulvic acid, believed to be the major 
soluble organic fraction in soil solutions, have 
indicated~ that half-lives were influenced by the 

‘concentrations of fulvic acid, pH, and incubation 
temperature. A halfelife of 742 d was found for a 
system with low fulvic acid concentration (0.5 
mg-mL’1) at neutral pH incubated at 25°C. In 
contrast, a half-life of 0.51 d was observed with 
5.0 mg-mL'1 fulvic acid at pH 2.4 incubated at 60°C 
(Khan, 1978). 

"The significance of volatilization to atrazine 
dissipation is not fully understood. The available 
information indicated that volatilization can occur 
to some extent under conditions of high 
temperatures and prolonged light exposure (Ghassemi 
et al.. 1981). For example, a 95% loss in 15 h at 
60°C versus no loss in 25 h at ‘25°C from 
nickel-plated planchets was observed by Foy (1964); 
Kearney et al. (1964), however, found 80% loss at 
25°C and 95% loss at 35°C in 24 h from nickel- 
plated planchets. Jordan et al. (1965) reported a 
5% loss of atrazine in 48 h at 42°C using a similar 
system. 

The volatility of atrazine from glass, plant, 
and soil surfaces has also been investigated. 
Temperature, air velocity, initial v atrazine 
concentration, and atrazine purity were factors 
found to govern volatility. On glass, 70% of the 
atrazine volatilized after 48 h at an initial 
concentration of 1 pg compared to 10% at 1000 ug. 
Higher air velocity caused greater loss at 25°C 
than at 40°C. but the initial loss at 40°C was 25% 
greater than at 25°C. A 10% higher atrazine loss 
occurred with the formulated product compared with 
the pure technical material. Other data 
demonstrated that volatilization of atrazine is a" 

major route of dissipation when applied to foliage. 
but not to soil (Jordan et al., 1970). On soil. 
volatility losses of atrazine ranged from 18%-32%



at 35°C to 27%-52% at 45°C in 48 h (Kearney et al., 
1964). Another study showed only 10% loss in 48 h 
at 40°C in soil compared with 50% for a plant 
surface (Burt, 1974). 

Levels in Hater and Sediment 

A large quantity of data has been generated 
concerning atrazine in surface and subsurface 
waters and drainage sediments. The existing data 
can generally_ be divided into two categories: 
(1) site—specific field studies in which known 
amounts of atrazine were applied and the runoff 
water was sampled over a period of time and 
(2) watershed monitoring studies consisting. of 
water and sediment samples collected) from natural 
streams and ground water from wells in agricultural 
areas. These studies are summarized in Appendix A 
using the review by Hauchope (1978) as a base of 
information. 

The field runoff studies included a wide 
variety of situations. For example, studies have 
been conducted .of atrazine in tailwater pits 
receiving runoff frm irrigated sorghum and corn 
fields in Kansas (Kadoum and Mock, 1978) and tile 
.drain water from intensive corn production in 

Quebec .(Muir_and Baker. 1976). (The maximum water 
concentrations of atrazine in the tailwater pits» 
were 128 and 250 pg-L‘1 (sorghum and corn fields. 
respectively). Maximum concentrations of atrazine 
in" the pit bottom soil (sediments) were 132.5 and 
369 ug-kg’1‘ -(sorghum -and corn fields, 
respectively). Unfortunately, atrazine application 
rates were not stated and no indication was given 
regarding the length of time these concentrations 
remained at that level, Atrazine concentrations in 

the tile drain water sampled from June 1973 to 
December 1974 averaged 1.2 ug-L‘1, with a maximum 
value of 10.8 pg-1'1 in May 1974. Atrazine (AAtrex- 
90M) applications were made in June of 1973 and 

1974 at 2.8 kg-ha‘1. Two atrazine degradation 
products (deethylated and deisopropylated atrazine) 
were also monitored in this study. Average values 
for deethylated and deisopropylated atrazine were 
1.0 and 0.z3.ug-L'1, respectively. Maximum values 
were 7.71 and 0.73 pg-L'1, deethylated and 
deisopropylated atrazine, respectively, and 
occurred at the same time as the maximum atrazine 
concentrations. There was no differentiation of 
dissolved and adsorbed atrazine in this study. 

Other atrazine runoff studies have examined 
the management of atrazine applications‘ (i.e., 
surface spray or subsoil incorporation). the use of 
strip cropping, and conventional versus no-tillage 
field preparation techniques to reduce atrazine 
loss in runoff water (Triplett et al., 1978a, 
1978b; Hall et al., 1983). Methods or techniques 
that allow the penetration of atrazine into the 
soil or that restrict the flow of water from 
atrazineetreated fields were found to reduce 
atrazine concentrations in the runoff water. 
Liming of soil increased the loss of atrazine in 
runoff water, apparently by extending its 
persistence in soil (Gaynor and Volk, 1981). 

Modelling of atrazine losses via surface 
runoff has been conducted and generally agreed with 
field collected data. but only within an order of 
magnitude basis (Haith, 1980). Increasingly 
complex models have explored the significance of 
such variables as weather, soil type, and 
application method and have succeeded in predicting 
atrazine losses more accurately (Haith, 1986). 

Atrazine monitoring studies in the surface 
waters of ‘Canada have been’ most intense in the 
southern Ontario region (Frank et al., 1982). This 
was due to the extremely large use of atrazine in 
this area. During the period of 1975-1977, 
10 570 kg of atrazine were used in 11 agricultural 
watersheds. in southern Ontario. This resulted in 

average unit area atrazine losses to nétural 
streams draining these areas of 2250 mg-ha*1~a‘1 
(1975-1975) and 1890 mg-ha'1-a’1 (1976e1977). 
Atrazine was one or the most frequently detected 
pesticides in the surface waters of this area; "The 

overall mean concentrations of atrazine in the area 
were 1.1 ug-L'1 and 1.5 ug-L'1 for 1975-1976 and 
1976-1977, respectively. Highest recorded 
concentrations were 31.7 pg-L'1 (1975-1976) and 
32.8 ug:L'1 (1976-1977) (Frank et al., 1982). 

Of the 11 agricultural watersheds, 
approximately 18% were devoted to corn production, 
and 73% of this production was treated with atra- 
zine at an average rate of 1.7'kg~ha'1. Monitoring 
of atrazine between May 1975 and April 1977 in 11 

streams that were potentially impacted by atrazine 
applications produced mean concentrations of 
1.4 ug-L‘1 for atrazine plus deethylatrazine (Frank 
and Sirons. 1979).

V



One of the 11_agricultural watersheds, Hillman 
creek, was monitored for atrazine and 
deethylatrazine between May 1973 and February 1975. 
Atrazine was detected in 89% of the 360 water 
samples collected from this drainage. The 
concentrations ranged from trace to 34.7 ug-L‘1. 
The presence of deethylatrazine was monitored from 
May 1974 to February 1975 and appeared in 51% of 
the samples with ‘a maximum concentration of 1.3 
pg-L'1 (Roberts et al., 1979). 

Two additional watersheds in southern Ontario, 
the Grand and Saugeen river basins, were also 
monitored for atrazine and metabolites.- Although 
the mean concentrations of atrazine plus 
deethylatrazine at the mouths of the Grand and 
Saugeen rivers for the period May 1975 to April 
1977 were only 0.4 and 0.15 ug-L'1, respectively, 
this represented mean annual Toads of 903 and 
286.5 kg atrazine‘a'1, respectively (Frank, 1981). 

A survey of 92 river mouths (including the 
Grand and Saugeen rivers) entering the Great Lakes 
from Ontario found atrazine in 77% of the water 
samples collected from these rivers from August 
1974 to June 1976. The mean atrazine concentration 
was 1.6 ug°L'1. A maximum concentration of 26 
pg-L'1 atrazine was accompanied by a maximum 
deethylatrazine concentration of _4.3 ug.L'1 from 
Talbot Creek (Frank, Sirons, and Ripley, 1979; 
Frank, Sirons, et al., 1979). A detailed 
compilation of atrazine and other pesticides 
monitored in the streams and rivers of southern 
Ontario for the period 1974-1977 was presented by 
Frank et al. (1978). 

The Yamaska River basin (Quebec) and its five 
subbasins also contained agricultural areas in 
which atrazine was used. ~Hater samples collected 
from April to December in 1974 and 1975 in each of 
the five subbasins showed ' atrazine and 
deethy1dtrazine to range from 0.01 to 26.9 pg-L'1 
and from <0.01 to 1.34 ug-L‘1, respectively. The 
highest concentrations were found during June and 
July at all sampling sites (Muir et al., 1978). 

Atrazine and atrazine metabolite 
, 
concen- 

trations in U.S. rivers and streams draining 
agricultural areas have been reported to be 

12 pg-L‘1 (Richard et al., 1975), 4.8 pg-L‘1 

(Hall et al.. 1978), 23.93 pg-L'1 (Schepers et al., 
1980), 10 pg-L‘1 (uu et al., 1983), and 23 ug‘L"1 
(Butler and Arruda, 1985). These studies -are 

summarized in Appendix A. 

Several ground-water studies have demonstrated 
the presence of atrazine in’ wells in—agricultural» 
areas of Canada, and the U.S.-Canadian 
investigations have demonstrated well-water 
contamination as the result of atrazine spills, 
spray drift, and surface runoff (Frank, Clegg, et 
al., 1987). A survey of 91 wells in southern 
Ontario during 1984 showed atrazine residues 
(range: 0.1-74 pg-L'1) in 11 wells (Frank, Ripley, 
et al., 1987). Agricultural areas in the U.S. also 
have ground-water problems related to atrazine 
contamination. For example, atrazine contamination 
was found in 41 monitoring wells (range: 0.01-8.29 
ug-L'1) (Hehtje et al., 1983) and 13 of 268 
household and livestock watering wells (range: 
.o.o1-1.2 pg-L'1) in Nebraska (Exner and Spalding, 
1985). 

Persistence and Degradation 

Degradation of atrazine in soil is the result 
of microbial action with dealkylation as the 
primary mechanism (Ghassemi et al., 1981). 
Biological dealkylation occurs simultaneously with 
chemical hydrolysis. which favours ring cleavage. 
and results in total microbial degradation (Goswami 
and Green, 1971). Chemical hydrolysis of atrazine 
to hydroxyatrazine (via adsorption to colloids or 
particulate material) has also received support 
from a number of studies as the first and most 
important reaction of atrazine degradation in soils 
(Skipper et al., 1967, 1978; Russell et al., 1968; 
Armstrong and Chesters. 1968; Obien and Green, 
1969: Roeth et al., 1969). 

Compared to soil studies, few field investi- 
gations exist of atrazine degradation over time 
after the application of a known amount of the 
herbicide to water. In many cases. especially 
those studies dealing with experimental microcosms, 
the responses of the various biological components 
(especially phytoplankton or periphyton) and 
microcosm functions (e.g., photosynthesis) were



followed over time after the introduction of 
atrazine. The return to normal or control levels 
by the particular biological component or function 
being monitored acted as an indirect, but less 
accurate, measured of atrazine persistence. In 
addition. some- studies also measured atrazine 
concentrations in at least one of the microcosm 
components (usually water). These studies have 
produced half-life estimates of atrazine in aquatic 
environments ranging from 3.2 d (Kosinski. 1984) to 
3-4 months (Kemp et al., 1985) to 7-8 months 
(Dewey. 1986). 

The very same processes of chemical 
hydrolysis, microbial degradation, adsorption, 
volatilization, and photodegradation that act to 
reduce »the _persistence of atrazine in the 
terrestrial environment may also act to reduce the 
persistence of atrazine in the aquatic environment. 

Due _to atrazine's known affinity for 
particulate material, adsorption to suspended 
particulate material in the water column might be a 

major factor in its persistence. However, specific 
data’ were.lacking in this regard. Klaassen and 
Kadoum (1979) found that atrazine was present in 

pond water at 2.6 ug~L'1. 120 d after'an initial 
application of 300 ug-L‘1. The atrazine was 
extracted from an unfiltered water sample. however, 
and, the amount of atrazine adsorbed to suspended 
material in the sample was not given. 

Colloidal organic matter from an estuarine 
environment was found _to have a high adsorption 
capacity (for) atrazine, with a linear Freundlich 
adsorptiqn constant of 1850. Comparative values 
for »sediments from the estuary ranged from 78 to 
213.‘ Normalized for the. organic carbon content, 
colloidal material was 10 to 35. times more 
adsorptive as a substrate for atrazine than 
sediment or soil organic matter. The presence of 
colloids in natural waters was postulated to be 

important in the transport and distribution of 
atrazine in aquatic systems (Means and Hijayaratne. 
1982; Means et al., 1983). 

Atrazine residues are expected to be more 
persistent in submerged sediments compared to 
terrestrial soils due to the lower rate of chemical 
hydrolysis and the slower microbial. metabolism of 

atrazine under anaerobic conditions. 
primary pathways of 
sediments are 

The two 
atrazine degradation in 

chemical hydrolysis to 
hydroxyatrazine and biological dealkylation. 
Experiments conducted on submerged soils with 
MC-labelled’ atrazine or hydroxyatrazine gene'rf'a’l,ly 

produced either small or undetectable quantities of 
MC-labelled C02 (Hance and Chesters, 1959; 
Goswami and Green, 1971). Tests carried out with 
sediments from a Wisconsin lake, however, showed 
4.2% to 6.3% CO; evolved from atrazine under 
anaerobic conditions. Thus under some 
circumstances. conditions do exist for 

V 

the 
anaerobic. degradation of atrazine (Hance and 
Chesters. 1969). 

Laboratory experiments using estuarine water 
and sediment microcosms demonstrated the rapid 
degradation of atrazine. Initial concentrations of 
0.1 mg-L'1 in these "systems at fihbient 
environmental temperatures (12°C-35°C) and natural 
sunlight for 80 d resulted in half—lives of 3=12 d

' 

Hydroxyatrazine‘ (water) and 15-20 d (sediment), 
was the dominant shortsterm metabolite with low 
dissolved oxygen concentrations having little 
effect on degradation rate (Jones et al., 1982). 

The chemical hydrolysis of atrazine via 
adsorption was_ heavily influenced by the 
adsorption-desorption kinetics of the compound in 
soil/sediment ’runoff slurries, which wérfiifl Common 
mechanism of atrazine input to natural aquatic 
systems. Experiments exposing aqueous -atrazine 
solutions to wet sediments and atrazine- 
contaminated sediments to atrazine-free water 
demonstrated rapid equilibrium development.b In 
some cases, 75% equilibrium occurred in 3-6 min 
(Hauchope and ‘Myers, 1985). Thus, when -field 
runoff containing atrazine is released into a 
natural stream with lower suspended solids, a new 
equilibrium is rapidly established allowing more 
atrazine to be desorbed and increasing the amount 
of atrazine present in Vthe dissolved fraction of 
the water. 

Photodegradation of atrazine in surface waters 
was shown to be very slow and was not expected to 
be a significant factor in its removal from water 
(Ghassemi et al., 1981).



RATIONALE 

Raw Hater for Drinking Hater Supply 

Guideline 

The ‘interim maximum acceptable concentration 
(IMAC) for atrazine listed in the Guidelines for 
Canadian Drinking water Quality 1987 is 60 pg-L‘1 
(Health and Uelfare.Canada, 1987). This value is 

'_ based on a negligible daily intake (N0!) of 0.0066 
mg-kg*1-ail estabiisheu from a 2-year feeding study 
with d09$ (Health éhd Helfare Canada, 1987). This 
IMAC is currently under review (6. Hood, 1988. 
Health and welfare Canada,-pers. com.). 

- Freshwater Aquatic Life 

Accumulation and Elimination of Atrazine 
in Aquatic Organisms 

The uptake of 14C-atrazine by carp (C rinus 
carpio) from» aqueous solutions of 1 mg-L’ was 
found to occur at the rate of 0.16 mg atrazine-g'1 
of »tissue*h‘1 over 72 h. 
in the blood, gills. and muscle reflected the 
external 

_ 

concentration.r Accumulation above 
external concentrations, however, was observed in 
the liver; kidney, and intestine. The liver tended 
to accumulate more atrazine than the other organs 
(four times the external media concentration) 
(eluth et al., 1985). 

_

' 

Reported bioconcentration factors (BCFS) from’ 
field "and laboratory investigations-were generally 
low. -Bioaccumulation was lnot reported for brook 
trout (Salvelinus fontinalis), fathead minnows 
(Pimephales promelas), or bluegill sunfish (Lepomis 
macrochirus) exposed to 0.74 mg-L‘1, 0.21 mg-L’ , 

aha. 0.094 mgrL‘1, respectively, for 43 to 44 weeks 
(Macek et al., 1976). A BCF of 11 was found for 
Gammarus affinus exposed to atrazine for 3 d 
(Metcalfe and Sanborn, 1975). They also reported 
BCFs of 7.5, 11.0, and 76.0 for snails, fish, and 
algae; respectively. BCFs of 4.4 and 2.2 were 
reported for daphnids in water containing 0.01 and 
0.08 mg-L‘1 atrazine, respectively (Ellgehausen et 
al., 1980). unicellular algae (e.g., Chlorella) 
are much more efficient in atrazine uptake than 
either daphnids or fish (Erb et al., 1980). 

Atrazine concentrations’ 

Investigations of the mechanism of atrazine 
accumulation in a freshwater mollusc, Ancgius 
fluviatilis. and a fish. Coregonus fera, indicated 
‘that the majority of atrazine uptake was via the 
gills and that other body tissues were contaminated 
by the blood. Atrazine residues in the organs were 
proportional to their lipid content. BCFs of 
between 3 and 4 were found for the mollusc- and a 
BCF of 2.8 was determined for the whole fish. .Fish 
accumulated atrazine very rapidly and reached the 
concentration of atrazine in the water within 1 h 
(Gunkel and Streit, 1980; Gunkel, 1981). The time 
required to achieve steady-state conditions for 
atrazine between water and organism was a function 
of the atrazine concentration in the water. Lower 
aqueous atrazine concentrations required shorter 
time periods for equilibria than higher aqueous 
concentrations (Ellgehausen et al., 1980). 

Depuration occurred mainly via the gills, 
and’ depuration half—lives increased with decreased 
atrazine ' 

concentrations in the organism. 
Depuration of atrazine followed secondaorder 
kinetics in the bullhead catfish (Ictalurus melas). 
A half-life of 26 h was found following exposure to 
0.01 mg-L'1. Exposure to 0.8 mg-L'1 resulted in a- 
half—life of 5 h (Ellgehausen et al., 1980). 
Metabolism of atrazine prior to elimination in 
aquatic animals appears to be accomplished mainly 
by glutathione conjugation and the subsequent 
production of nontoxic metabolites. Dechlorination 
of" the atrazine molecule, however, was apparently 
not an important reaction in metabolic_alteration 
(Pillai et al., 1979). 

The fate and, extent of atrazine 
bioconcentration/biomagnification in a lake column 
model ecosystem were investigated at concentrations 
of 6.8 to 235.7 ug-L‘1. Atrazine was detected in 
most components of the mixed algae-Daphnia magn_- 
Lebistes reticulata food chain. Reported concen- 
trations in most samples were not much higher than 
those in water. A maximum bioaccumulation factor 
of 454 was found for Daphnia exposed" to 20.5 
ug-L'1. Residues were not vdetected, however; in 
Daphnia from the 12.1—ug-L‘1 or the 125.0—pg-L'1 
treatments. Bioaccumulation factors between 2 
‘and 20 were observed in L; reticulata for the 
various exposure regimes (Millard et al., 1979).



Exposure to a mean atrazine concentration of 
-49.54 1 39.76 ug-L'1 in a naturally derived model 
stream ecosystem resulted in BCFs ranging from 0.8 
to 96.0 in the crayfish (orconectes virilis). and 
from 5.2 to 480 in mayfly nymphs (Baetis sp.). 
Atrazine residues were not found in "the same 
organisms during the depuration phase of the study 
(Lynch et al.. 1982). 

Toxicity to Aquatic Organisms 

Extensive toxicity testing using a variety of 
aquatic organisms has been conducted-with atrazine. 
A summary of the results of these tests is 
presented in Appendix B. The data base is divided 
into vertebrates V (fish and amphibians). 
invertebrates. algae, and aquatic vascular plants. 

Vertebrates 

The response of aquatic vertebrates to acute 
I 

atrazine exposure varied widely. The 96-h LC5o . 

values for fish species ranged from 0.22 to 100 
ng-L'1. Rainbow trout (§alm9 ggjgggggi) and the 
guppy (Lebistes reticulata) seemed to be two of the 
more sensitive North American species. with 96-h 
L050" values of’ 4.5 and 4.3 mg-L'1, respectively 
(Bathe et al.. 1975, 1976). The tropical harlequin 
fish (Rasbora heteromorpha) was even more sensi- 
tive, with a 24-h L050 at o.55_ng-L'1 (Alabaster, 
1969). The 96-h no-observed-effect concentration 
for the fathead minnow (Pimephales promelas) test 
species was 3.0 mg-L'1 (Macek et al.. 1975). The 
maximum acceptable toxicant concentration aderived 
for ’the' estuarine sheepshead minnow (typrinodon 
variegatus) was >1.9 and <3.4 mg-L‘! (Hard and 
Ballantine. 1985). 

The use of early life stages generally reduced 
the atrazine concentration, which produced 
significant‘ mortality to <1 mg-L'1. For example. 
channel’ catfish (Ictalurus punctatus) exposed from 
the fertilized egg though 96-h post-hatch has an 

LC50 or 0.22 ng-L‘1 (Birge et al., 1979. 1983). 

Brook trout .(Salvelinus fontinalis) fry showed 

increased mortality’ at 0.24 mg-L“ , while adult 
mortality was unaffected by 0.72 mg-L'l during 44 
weeks of exposure (Macek et al.. 1976). The 
longest known exposure period (18 months) 
demonstrated that bluegill sunfish (Lepomis 

macrochirus) were not affected in survival, growth, 
or hatching in 0.095 mg-L‘1 (Macek et al., 1976). 

Atrazine at a concentration of 100 pg-L'1 

significantly increased serum glucose at 6eh and 
24-h exposures and serium cortisol at 24-h and 72+h 
exposures» in carp (Cyprinus carpio). Significant 
decreases were observed in serum protein. serum 
cholesterol, and liver glycogen at 72-h exposures. 
These reactions were considered toxic effects of 
the atrazine exposure (Gluth and Hanke, 1985). 

Invertebrates‘ 

' The toxicity of atrazine during acute 
exposures varied tremendously among-invertebrate 
species with 48-h LC5os ranging from <1 to >30 
mg-L‘1. The most sensitive invertebrate appeared 
to be the midge larvae (Chironomus tentans). with a 
48-h LC50 of 0.72 ng-L‘ (Macek et al., 1976). 
Exposure of this species to 0.23 mg-L‘1 for two 
generations caused reduced hatching success. 
increased larval mortality. retarded development, 
and reduced rates of pupation and emergence. The 
no—observed-effect level for the same exposure time 
was 0.11 mg-L‘1 (Macek et al., 1976). A similar 
concentration (0.14 mg-L‘1) produced reproductive 
effects and impaired offspring survival. during 
119-d exposures for the scud (Gamarus fasciatus) 
(Macek et al., 1976). 

Algae 

Concern over atrazine's mode of action in 
terrestrial plants (the inhibition of 
_photosynthesis) has led to numerous studies on both 
macro- and microscopic algae. The rationale for 
these studies was that changes in ‘the base of-the 
food chain and the_autotrophic component of aquatic 
ecosystems_ could have profound effects at much 
higher trophic levels (i.e,, fish), which would not 
be as sensitive to the effects of the same.atrazine 
exposure. Given atrazineis mode of action. it was 
not unexpected that very low concentrations were 
detrimental to the relatively simple, autotrophic 
plants making up phytoplankton and periphyton. 
Twenty-four-hourp E0505 (based on the inhibition of 
140-labelled HC037~ uptake) ranged from 0.019 to 
0.325 mg-L'1 (Larsen' et al.. 1986), Chlorophyll 
levels have often been used as biomass estimators



in algal atrazine toxicity tests. The use of this 
response .variable is somewhat problematic since a 
consistent response pattern does not exist for 
aquatic plants and atrazine. Atrazine is known to 
both significantly reduce and stimulate 
photosynthetic piémeht levels in aquatic plants 
exposed to sublethal concentrations. 

A species of blueagreen algae experienced more 
than a 90% inhibition of chlorophyll production 
during 7—d exposures of atrazine as low as 0.001 
mg-L‘1 (Torres and 0'Flaherty, 1976). Conversely, 
chlorophyll accruals’ of 3X control levels were 
measured in algal microcosms exposed to 0.04 mg-L’1 
(Larsen et al., 1986). Similar augmentations of up 
to 5X that of control levels were reported in aqua- 
tic macrophytes exposed to atrazine levels ranging 
from 0.13 to 1.2 mg-L51 (Cunningham et al., 1984). 

The toxicity of the hydrolytic and metabolic‘ 
products of atrazine have been shown to be less 
toxic to algae than the parent compound, with 
decreasing toxicity demonstrated by deethylated 
atrazine, deisopropylated atrazine, diamino- 
atrazine, and hydroxyatrazine, in that order 
(Stratton, 1934). 

’
’ 

Atrazine has been used experimentally as an 
aquatic herbicide in unused fish hatchery ponds in 
the southern U.S. to reduce filamentous algae 
development, Introduction of atrazine to a final 
concentration of 1 mg‘L'1 provided control of fila- 
mentous algae, Pithophor . and an aquatic vascular 
plant. flgjgg guadalupensi . The blue—green plank- 
tonic alga Microcystisf was replaced with a more 
desirable algal species (not given) within 1 week 
after 0.08-mg-L'1 atrazine treatment (Pierce et 
al., 1965). 

Simple. algal growth inhibition tests (Burrell 
et al., 1985) (conducted with unicellular 
chlorophytes reported the lowest EC5g for growth 
(based on 11-d standing crop estimates) as 25.0 
pg.L'1 for Chlorella vulgari . Differential algal 
sensitivity to atrazine was apparent in experiments 
on primary productivity (Larsen et al., 1986). A 
complement of eight species of green and blue-green 
algae produced a range of EC5os (14c uptake 
following 24-h exposure) from 19 to 325 ug-L'1. 
The lowest mean value was an EC5o of 37.0 pg-L'1 
for Chlamydomonas reinhardtii. 

Aquatic Vascular Plants 

As with algae, the concern over the effect of) 
atrazine in surface runoff water on aquatic species 
extends to aquatic vascular plants. A summary of 
these 
Generally, these studies have focused on atrazine 
uptake A by aquatic vascular plants using 
140-labelled atrazine. Atrazine has been 
demonstrated to be taken up rapidly from water 
(equilibrium reached in 15 min) at atrazine 
concentrations ranging from 20 to 50 ug-L'1; Shoot 
tissue was more effective in atrazine uptake than 
rhizome tissue for submerged or -floating leaved 

.species (Jones et al,, 1986), Atrazine adsorbed to 
soil particles and deposited on leaf surfaces was 
much less available to shoot and leaf tissue_than 
dissolved atrazine (Jones and Estes, 1984). By’ 
contrast, other species (i.e., .Spartina 
alterniflora, an emergent) exhibited rapid uptake 
of atrazine by the roots and translocation to the 
shoots. This species was much more resistant to 
the toxic effects of atrazine by virtue of its 
ability to rapidly metabolize the compound-(Pillai 
et al., 1977). 

Because the mode of action of atrazine is 
directed toward blocking an essential 
photosynthetic reaction, most of the studies have 
monitored photosynthetic related parameters (e.g.. 
oxygen production, inorganic carbon uptake, 
chlorophyll content). Other measurements of toxic. 
response .have involved the adenosine triphosphate 
and total. adenylate content of atraiine—exposed 
tissues (Delistraty . and Hershner, 1984); 
microscopic observations of. cellular activity 
(Beaumont et al., 1980; Dabydeen and Leavitt, 
1981); whole plant mortality and morphological‘ 
measurements of tissue growth (i.e., shoot length, 
number of leaves, etc.) (Forney and Davis. 1981); 
and changes in lipid metabolism (Grenier et al., 
1979: Grenier and Beaumont, 1983). It is evident 
from the various studies with aquatic vascular 
plants that dissolved atrazine concentrations as 
low as 77 pg-L'1 caused significant photosynthetic 
inhibition in some plants. The inhibition 
increased with increasing atrazine concentrations 
and followed Michaelis—Menton kinetics. ‘Nonlethal 
photosynthetic inhibition was apparently reversible 
once exposure ceased due to a combination of 
atrazine release from the plant and/or atrazine 

investigations is given in Appendix B.



metabolism by the plant. 
apparently did not play a major role in 
photosynthetic inhibition (Jones and Winchell, 
1984). 

Aquatic Microcosm Studies of Atrazine Toxicity 

In addition to the species-specific atrazine 
toxicity studies summarized in Appendix B, the 
published literature contained a number of reports 
on the effects of atrazine additions to laboratory 
and field microcosms. These various studies, 
summarized in Appendix C, exhibit considerable 
variation in the number of species and ecosystem 
components« present as well as the types of aquatic 
ecosystems for which simulation was attempted, 

It is clear from reviewing these studies that 
the introduction of atrazine had an immediate and 
significant effect on autotrophic organisms. In 

phytoplankton assemblages, these effects were 
manifested (as reductions in oxygen production, 
inorganic carbon. uptake, and changes in species 
composition, The magnitude of the effects was 
generally proportional to the quantity of atrazine 
added and the number of exposures. Concentrations 
_in, the range of 25 to 60 ug-L'1 generally produced 
an effect that, after a single dose, was followed 
by recovery (in 5-7 d) to preedose levels (de 
Noyelles »et al., 1982). Higher single doses 
requiged longer" periods for recovery (e.g., 500 
u§'L' 
1932); 

Aquatic vascular plants responded to atrazine 
additions by reactions related to the impairment of 
their photosynthetic apparatus. Because of their 
size, .observation of mortality were easier to 
follow (than in the microscopic -phytoplankton. 
Significant fmortalities (50%-100%) in aquatic 
vascular (plant biomass have been reported after 
single exposures to "atrazine concentrations in 

excess of 1000 pg-L‘1 and as little as 12 ug'L'1 

(Correll and Wu, 1982). Annual additions of 
atrazine, during— a 3-year period, for a final 
concentration of 20 ug-L'1, reduced macrophyte 
coverage in experimental ponds by about 90% (Kettle 
at al., 1987). 

Invertebrate populations in atrazine-dosed 
microcosms also exhibited changes. although the 

Atrazine metabolites" 

could require 24 d) (de Noyelles et al.. ' 

exact atrazine concentration promoting these 
changes appeared to vary widely. Hhereas a single 
dose resulting in a concentration of 1000 ug-L'1 
had (no effect on Daghnia magna in a wetland/marsh 
microcosm (aohnsongweléée), the same species was 
eliminated from a lake water column simulation by 
three additions of atrazine (within 5 d), producing 
a final concentration of 221.4 ug-L'1 (Millard et 
al., 1979). Experimental pond zooplankton 
community structure was found to be altered as a 
result of atrazinerinduced changes in the 
phytoplankton community (at 20 pg-L'1). Benthic 
insect comunity structure was also altered by 20 
ug-L’1. These changes in invertebrate populations 
apparently reduced reproduction by bluegill sunfish 
(Lepomis macrochirus), ‘in the same .experimental 
ponds, which received a single dose of 20 pg-L'1 

during one growing season (Kettle et-al., 1987). 

In reviewing the various microcosm studies, it 
was difficult to find atrazine concentrations that 
did not produce an effect. Atrazine concentrations 
of 10 and 100 pg-L-1 had varying effects on the

V 

individual components of prairie wetland microcosms 
during 30—d exposures (Johnson, 1986), There was 
no evidence that daphnid survival, growth, or 
reproduction was influenced ’by 10 or 100 pg-L‘1 

atrazine. These same concentrations also had no 
effect— one submerfied macrophyte or -phytoplankton 
growth. ‘However, aquatic community .gross primary 
productivity was significantly reduced (23%) at a 
10-ug~L'1 exposure. Recovery from the effects of a 

single 10—yg-L'1 dose of atrazine for this 
parameter was rapid (7 d). 

Microcosms receiving a continuous input of 
atrazine to final concentrations of 0.5 and 5.0 
pg-L'1 did not differ significantly from controls 
in oxygen production. As well, the comunities 
making up the microcosms (filamentous algae, roti- 
fers. and nematodes) all appeared healthy at so 
ug-L‘1. Although oxygen "production decreased as 
atrazine was slowly increased to a concentration of 
50 pg-L’1, dilution of this concentration to below 
10 ugvL'1 resulted in an immediate and total re- 

covery of oxygen production (Brockway et al., 
1984). 

Estuarine microcosms using sediments and two 
species of aquatic vascular (plants showed that 5 

-I u9'L atrazine .produced significant défiression



(22%) of’ dissolved oxygen in the water with 
Potamogeton perfoliatusg after 2.3 weeks of 
exposure. Re¢ové§y””£b control levels occurred 
during week 4. The controls for the solvent 
carrier (methanol) also exhibited a significant 
decrease in dissolved oxygen during week 2. This 
fact makes the significance of the response to 5 
ug?L’1 atrazine questionable. The same 
concentration caused significant enhancement (20%) 
of apparent photosynthesis in Myriophyllum spicatum 
(Kemp et al., 1985). ’ 

Acutely toxic values for aquatic plants were 
reported as low as 12.0 pg-L’1 (47-d LC50) for the 
sensitive macrophyte Vallisnerja americana (Correll 
and Wu. 1982). These tests" were.d however, 
conducted in estuarine microcosms where salinity 
levels differed from the source waters of the test 
plants _and thereby may have provided an additional 
stress factor. In cqmparison, chronic, nonlethal 
levels of atrazine: (EC50, growth) for the same 

* species under freshwater conditions ranged from 
163 to 532 pg’-L‘l (Forney and Davis, 1981). 

In their efforts to provide a more 
environmentally relevant whole-system assessment of 
risk. model ecosystems studies have_ also 
contributed to the considerable variability in the 
data regarding the effects of atrazine on 
phytoplankton growth and community dynamics. _A 
lower limit of 20 ug-LTI was apparently sufficient 
to alter algal succession. in artificially seeded 
ponds indirectly through differential growth and 
photosynthetic inhibition (deNoyelles et al., 
1982). Other mesocosm studies indicated that 
levels of 20-25 pg-L’1 had no significant impact on 
algal assemblages in experimental ponds (Larsen et 
al., 1986) or on standing crop and gross primary 
productivity estimates in periphytic model stream 
communities (Lynch et al., 1982). In a recent 
fibdél ecosystem investigation of atrazine toxicity. 
artificial floating substrates were used to measure 
structural (species numbers and biomass)‘ and 
functional (colonization rates. 02 production, 
_protein and nutrient levels) responses of naturally 
derived microbial communities (Pratt et al., 1988). 
Oxygen production and the ability of communities to 
sequester magnesium and calcium were the most 
sensitive indicators of atrazine stress. Based on 
NOELs and LOELs derived'from these endpoints, the 
lowest MATC was calculated to be 17.9 pg-L‘1 
atrazine. ' 

Guideline 

The. fish toxicity data base for atrazine 
comprised 18 fish species, 35 acute toxicity tests 
(i.e., 96-h exposures or less), and 11 chronic 
studies. Of the 35 acute tests, 8 were conducted 
with North American freshwater salmonid species. 
The remainder used other North American freshwater 
species (18 tests), North American estuarine and 
marine species (3 tests), and freshwater European 
(5 tests) and tropical (1 test) species. Of the 11 
chronic studies, 3 used North American freshwater 
salmonid species. The remainder of the chronic 
tests used other North American freshwater species. 
In addition to the fish toxicity data, chronic data 
were also available for several species of North 
American amphibians for the spawning to postehatch 
portion of the life cycle. 

A wide variety of invertebrate acute 
chronic toxicity data was available in the 
scientific literature, although individual species 
designations and exposure times were not always 
given. Considering only those cases where both the 
species and exposure time were identified, 17 acute 
and 9 chronic toxicity tests were found that used 
either freshwater or estuarine invertebrates. Of 
the 17 acute toxicity tests, 5 used the freshwater 
zooplankter Daphni , 2 tests used the midge larvae 
Chironomus. and 1 test used the amphipod Gammarus. 
These same species were also used in four chronic 
studies. ' 

An extensive data base was available for 
various types of freshwater and estuarine algae for 
acute and chronic exposures to atrazine. A much 
smaller amount of data was available for aquatic 
vascular plants. Reports of the effects< of 
atrazine on algae were found for 24 species, where 
both the species or genus and exposure times were 
given for a total of 56 tests. Thirty-three of 
these tests dealt with the effect of chronic (i.e., 
greater than 96 h) exposure to atrazine, while 23 
tests reported the effects of acute exposure. Nine 
species of aquatic vascular plants were used for 
experiments dealing with the effects of atrazine 
exposure. of the 14 tests reported. 6 used acute 
exposures and 8 used chronic exposures. ' 

Along with the aforementioned single species 
toxicity testing data, the scientific literature 
also contained several microcosm studies of the



effects of atrazine on aquatic ecosystems. 
Thirty-two such studies were found in the 
literature review, with several publications 
devoted to various aspects of the same microcosm 
study. 

The toxicity data reviewed were of sufficient 
quality and quantity to_define a Canadian water 
quality guideline for the protection of aquatic 
life. Included in the toxicity information already 
discussed were nonlethal responses to (chronic 
atrazine exposure. for the bluegill (Lepomis 
macrochirus) 

_ 

and the brook trout (Salvelinus 
fontinalis) (Macek et al., 1976). The response of 
fish early life stage to chronic atrazine exposure 
was reported by Birge et al. (1979. 1983). The 
effects "of chronic exposure to atrazine on the 
hatching success, larval mortality and development. 
rate of pupation, and emergence in two generations 
of the midge larvae (Chironomus tentans) were 
reported by Macek et al. (1976). Several maximum 
acceptable toxicant concentrations (MATCs) were 
developed from chronic studies using soft water. 
Estimates of MATCs ranged from 0.09 to 0.50 mg-L‘1 

for the bluegill (L. macrochirus). 0.21 to 0.52 
for the fathead -minnow (Pimephales 

promelas), and 0.05 to 0.12 mg-L'1 for the brook 
trout ”(§. fontinalis). MATCs for invertebrates 
were estimated to be in the range of 0.11 to 0.23 
mg-Lfl for the midge larvae (Q. tentans), 0.14 to 
0.25‘ mg-L'1 for Daphnia, and 0.06 to 0.14 mg-L‘1 

for the amphipod Gammarus fasciatus (Macek et al., 
1976). V 

The’ of (i.e., quality the experiments 
' 

controls.. test tank measurements of atrazine, test 
organism loadings per test chamber, etc.) was 
sufficiently documented and conformed to accepted 
practice to support the validity‘ of the resulting 
data. 

The MATC boundary limit. 0.06 mg-L‘1 or 60 
ug-L‘1 for the brook trout (§. gfontinalis), 

wascausing detrimental effects to fish or aquatic 
invertebrates for acute~ and chronic exposures. 

Detrimental effects of algal growth were reported 
at this and lower concentrations, however, for 
freshwater and estuarine algal species (Torres and 
0'Flaherty. 1976; Véber et al., 1981; 'Correll and 

Nu. 1982; deNoyelles et al., 1982; Maule and 

wright, 1984; Stratton. 1984; Burrell et al., 1985; 
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Larsen et al., 1986; Mayasich et al., 1986; Turbak 
et al., 1986; Pratt et ‘al., 1988). Significant 
mortality at 53 ugfL'1 and reduction in the number 
of leaves at 60 ug-L'1 were also reported for 
aquatic vascular plants (Forney and Davis. 1981; 
Hershner et al.. 1983). 

Most of the evidence showed that while 60 
pg-L’1 would protect fish and aquatic invertebrates 
from" the direct toxic effects, this concentration 
had the potential to cause detrimental effects to 
the algal and aquatic vascular plant components of 
the aquatic ecosystem. Such an impact could cause 
indirect effects to fish and aquatic invertebrates. 
This potential was supported by large-scale (pond) 
macrocosm experiments (deNoyelles et al.. 1982; 
deNoyelles and Kettle. 1985; Dewey, 1986; Kettle et 
al.. 1987) as well as smaller microcosm studies and 
single species tests _(Correll and Wu. 1982; 
deNoyelles and Kettle, 1985; Stay et al., 1985; 
Larsen et al., 1936; Pratt et al., 1988).» Similar 
reactions were reported for all systems when 
exposed to comparable concentrations of atrazine. 
The results of these experiments demonstrate that 
atrazine concentrations below 20 ug-L‘1 are 
potentially detrimental to aquatic ecosystems. 
Other microcosm studies using low concentrations of 
atrazine have demonstrated (1) reduced »gross 
primary productivity at 10 pg-L'1 (Johnson, 1986); 
(2) no decreased oxygen production at 5 'ug‘L‘1 

(Brockway et al., 1984); and (3) significant 
decreases in oxygen .production by a species of 
macrophyte and significant enhancement by another 
species of macrophyte at 5 pg-L'1 (Kemp _et al.. 
1985).

’ 

Thus. on the basis of toxicity studies with 
algae and aquatic vascular plants, 60 ug‘L‘1 could 
not be used for guideline development. In order to 
conform to the original intent of CCREM Canadian 
Hater Quality Guidelines, the freshmeter aquatic 
life guideline for atrazine must be designed-to be 
protective of primary producers as well as 
consumers. In cases where several comparable MATCs 
are available on a pesticide, a safety factor of 
one order of magnitude is applied to the most 
sensitive maximum acceptable toxicant concentration 
(ccaeu, 1987). Therefore. the MATC or 17.9 pg-L‘1 

(Pratt et al., 1988) was used to derive the 
guideline‘ of 1.79 or 2.0 pg-L'1 for the protection 
of freshwater aquatic life.



. 

m9-L'1 

Agricultural uses 

Livestock Watering 

Toxicity, Uptake, Metabolism, and Depuration 

A summary of avian toxicity data is presented 
"in Appendix" D, Table ~D-1. Generally, atrazine 
ingestion was not very toxic to birds and was 
reflected in LC5o values ranging from 700 to 19 650 

~ body weight. for 5- to 7-d exposures. 
Although significant concentrations of atrazine 
remained in abdominal fat after cessation of 
exposure, chickens had the ability to metabolize 
atrazine by at least two 
N-dealkylation at the ethylamino group and 
hydrolysis of the ring-bound chlorine. These 
pathways produced deethylatrazine and hydroxy- 
atrazine, respectively. Subsequent hydrolysis and 
N-dealkylation of these metabolites produced 
deethylhydroxyatrazine (Khan and Foster, 1976). 
Subsequent jg vjtgg atrazine metabolism studies 
using. chicken liver homogenates confirmed the 
presence of enzyme systems capable of 
dechlorinating the atrazine "molecule to produce 
hydroxyatrazine (Foster et al.. 1979). 

Atrazine as an aqueous emulsion applied to 
fertile mallard (Ages platyrhynchos) eggs at 449 
giL'1 failed to’ produce sufficient toxicity for 
calculations of an LC5o and ‘was one of the least 
toxic of 14 common agricultural herbicides tested 
by Hoffman and Albers (1984). As well, 
malformations at hatching or Areduced growth were 
not observed among the treated embryos. 

Mammalian toxicity data are summarized in 
Appendix-D, Table 0-2. while toxicity studies were 
conducted on domestic cattle and sheep. there is an 
absence of data for mammalian wildlife. The 
results of the available testing demonstrated low 
atrazine toxicity to mammals. Single acute oral 
dosages ranged from 1400 to 5100 mg-kg'1 body 
weight for rats and mice. Intraperitoneal 
injections produced much greater toxicity (i.e., 
L050 = 125 mg-kg*1). The lethal dose for 
‘atrazine ingestion by cattle was reported to be 
two doses of 250 mg-kg'1 within 24 h (Palmer and 
Radeleff._1964). Smaller doses produced reversible 
intoxication (Kobel et al.. 1985). 

separate pathways:‘ 

Chronic oral intakes of 100 mg-kg'1 (for 21 d) 
and 760 mg-kg'1 (for 4 weeks) failed to induce 
significant adverse effects in cattle.‘ Female 
sheep, however, were killed by daily dosages of 30 
mg-kg'1 in 36 to 60 o (Binns and Johnson, 1970). 
Other routes of exposure (i.e., dermal and 
inhalation produced much less toxicity than oral 
intake (Geigy Agricultural Chemicals 1971a, 1971b). 

Ingested atrazine was absorbed by the 
mammalian gastrointestinal tract, underwent limited 
metabolic alteration, and was excreted from the 
body mainly via the kidneys. Lg 1119 metabolic 
studies of rats demonstrated that_85.8% of a single 
dose of atrazine was excreted from the body after 
72 h. w0f the atrazine remaining in the body after 
72 h. liver, kidney, and lung tissue contained the 
highest concentrations of metabolites (Bakke, 
Larson et al.. 1972). Various metabolic altera- 
tions of the parent atrazine molecule occurred in 
both jg 1119 and jg gjtrg studies. Three points of 
attack for atrazine metabolism have been studied: 
(1) 'elimination of the isopropyl group at the 6 
position of the carbon ring; (2) elimination of the 
ethyl group at the 4 position; and (3) elimination 
of the chlorine atom at the 2 position. Elimina- 
tion of either the isopropyl or ethyl groups 
(N-dealkylation) appeared to be the first major 
metabolic alteration, with elimination of the 
isopropyl group favoured over the ethyl group 
(Dauterman and Muecke, 1974; Khan et al., 1979). 
The carbon-chlorine bond appeared to be stable in 
mammalian systems and did not undergo hydrolysis. 
Subsequent reactions of the parent compound or its 
dealkylated metabolite involved conjugation’ reac- 
tions with glutathione prior to elimination from 

_the body or further metabolism (Dauterman and 
Muecke, 1974). Absorption of atrazine residues in 
plant material ingested by mammals was demonstrated 
to be very small (Bakke, Shimabukuro, et al., 
1972). A detailed review of atrazine metabolism 
(and the metabolism of other triazine herbicides) 
was presented by Esser et al. (1975). 

Mutagenicity, Teratogenicity, and Carcinogenicity 

The mutagenicity of atrazine has been studied 
with a wide variety of different microbial, animal. 
and plant systems. Generally, these studies showed 
atrazine to be nonmutagenic both with and without



metabolic_ activation by animal 
Department of Agriculture, 1984). 

Salmonella typhimurium and Escherichia 9911 
bacteriophage T4 and T4 mutant assays conducted by 

et al. (1972),‘ Simmon et al. (1977). 
Loprieno .and Adler (1980), and Seiler_(l973) all 

produced negative results. A single report of 
atrazine mutagenicity in §. typhimurium (Njagi and 
Gopalan, 1980) was not sufficiently documented for 
an evaluation of the results. 

Other microbial systems employed Saccharomyes 
cerevisiae, Aspergillus nidulans, §. coli, 
Schizosaccharomyces pombe. and Streptomyces 
coelicolor. Hhile atrazine was nonmutagenic to §. 
cerevisiae, either as the parent compound or after 
mammalian metabolic activation (deBertoldi et al.. 
(1978, 1980; Marquardt, 1980), mutagenic reactions 
were reported with atrazine-treated maize plant 
extracts (Plewa and Gentile. 1976). 

The report of atrazine mutagenicity to §. 9911 
(Salt and Neale. 1980) in a host-mediated system 
(i.e., mice orally dosed with atrazine and injected 
intravenously with g. gglj) was not sufficiently 
documented for a critical evaluation of results. 
Another report on host-mediated mutagenicity 
(deBertoldi' et al., 1978) concluded (that atrazine 
was not mutagenic in host-mediated systems. 

Atrazine was both mutagenic and nonmutagenic 
to_ A; nidulans depending on assay end point (i.e., 
antibiotic; resistance, mitotic cross-over, mitotic 
gene conversion) and whether or not atrazine had 
been activated by plant enzyme systems (Carere and 
Morpugo. —1981). Positive mutagenic responses for 
atrazine have been reported for §. ggmhg and 

§. coelicolor in the presence of plant microsomes 
or Htatrazine-treated mouse. liver microsomes 
(Loprieno and Adler, 1980). 

Mutagenic responses in atrazine-exposed fruit 
flies A(Drosophila melanogaster). as reported by 

Murnik and Nash (1977) and Loprieno and Adler 

(1980). are ambiguous. and definite conclusions 

using this organism cannot be reached. 

Mamalian cell systems (i.e., Chinese hamster 
cells, mouse bone marrow cells, EUE human cells) 
also gave ambiguous results in atrazine-induced 

systems (U.S. Loprieno rand 

Ehling (1980), 
mutation assays reported by 
Adler(1980)., Sobels et al. (1980), 
and Loprieno et al. (1979). 

Much more uniform mutagenic responses were 
obtained with plants (i.e., barley and maize). 
Atrazine solutions of 10 and 20 mg-L‘1 produced 
sister chromatid exchanges in maize seedling roots 
(Chou and Weber, 1981). This effect was apparently 
due to metabolic alteration of the atrazine by the 
plant. Other chromosomal aberrations were also 
reported by Wuu and Grant (1966a, 1966b; 1967) and 
Plewa; and Gentile (1976). it was very 
probable that atrazine itself was not a bacterial 
mutagen. the possibility remained that plant and 
animal metabolites of atrazine were mutagenic in 
bacteria and other procaryotes (Grutman et al., 
1984). 

Teratogenic responses to atrazine were not 
observed in laboratory studies. Dietary 
concentrations up to 1000 mg-kg'1 had no effect on 
pregnant rats or their offspring. Subcutaneous 
injections of atrazine up to 200 mg-kg‘1 in 

pregnant rats also had no effect on the number of 
pups per litter. Higher doses (i.e., 800 mg~kg'1) 
were embryotoxic, generally resulting in 
resorptions of the embryos (Peters and Cook, 1973). 
Teratogenic effects were also absent from pregnant 
mice orally dosed with 45.4 mg'kg’1 from day 6 
through day 14 of gestation (Mrak, 1969). Pregnant 
ewes treated with 15_ m9°kg.'1 atrazine through 
pregnancy and 30 d after birth, delivered and 
nursed_ apparently normal lambs (Binns and Johnson. 
1970). 

Long-term (18—month) carcinogenic bioassays 
using two hybrid strains of mice given the maximum 
tolerated oral atrazine dose (21.5 mgrkg'1) failed 
to develop a significant increase in tumors 
compared with controls (Innes et al.» 1969). A 
report of induced cancer by subcutaneous injections 
of an atrazine-simazine (mixture (Donna et al.. 

1981) was not of sufficient quality for conclusions 
to be drawn regarding atrazine carcinogenicity. 

Guideline (Interim) 

The existing toxicity data for birds and 
mammals (Appendices D and E, respectively) show 
that atrazine is not very toxic to livestock. It



is’ significant that all the studies summarized in 
Appendices D and E used atrazine-treated feed or 
oral doses (i.e., gavage) to expose the animals to 
atra2ine via the gastrointestinal tract. None of 
the studies used atrazine-treated drinking water. 
The reason for this is_ not known, but could be 
related to the inability of lethal exposures to 
occur via normally available drinking water. 

The sheep data of Binns and Johnson (1970) 
Presented one of the lowest doses on a kilogram per 
day basis available in the published literature, 
but these data were not based on water consumption. 
Other studies (e.g., Peters and Cook, 1973; 
Suschetet et al., 1974) gave concentrations of 
atrazine in feed. but without sufficient 
information on daily intake for use in developing a 
guideline. 

- Derivation of a guideline for livestock 
watering requires valid, chronic toxicity and accu- 
mulation data for livestock consuming atrazine in 
their drinking water. This type of information was 
not available. however, so it was necessary to 
derive a guideline for livestock watering from the 
CCREM (1987) policy to use the guideline for pesti- 
cides in raw water for drinking water supply. This 
policy provides a margin of safety for livestock 
and prevents unacceptable residues in animal pro- 
ducts (CCREM, 1987).‘ As an interim guideline was 
available for atrazine in raw water for drinking 
water supply, 60 ug-L'1, this value is recommended 
as the interim guideline for livestock watering. 

Irrigation 

Atrazine residues in irrigation water have the 
potential to have an adverse impact on crops by way 
of ‘transport through the soil (row irrigation) and 
subsequent root uptake or by transport through the 
air (sprinkler irrigation) with subsequent uptake 
by the foliage. The extreme sensitivity of the 
photosynthetic apparatus in plants to the action of 
atrazine has been previously discussed in the 
sections concerning algal and. aquatic vascular 
plant toxicity as well as in the discussion of 
atrazine's effect on microcosms. 

The specific mode of action of atrazine 
coupled with its occurrence in vwater prompted the 
U.S. EPA to‘ suggest that atrazine and triazine 

herbicides in general should have stringent 
limitations on their presence in irrigation water. 
(i.e., 10 pg-t'1) (u.s. EPA, 1977). 

The presence of atrazine in irrigation water 
can occur as the result of irrigation return 
flows(i.e., drainage from atrazine-treated fields). 
The concentrations of atrazine recorded in runoff 
from treated fields were previously discussed 
(Levels in water and Sediment). The use of 
atrazine in irrigation canals for weed suppression 
also poses a threat to irrigated crops. 

A study conducted in Saskatchewan showed that 
atrazine applied in dry irrigation ditches for weed 
control at 22.4 kg-ha'1 in September resulted in 
atrazine residues in‘ the irrigation water the 
following summer. Initial water ponding in the 
ditches in June resulted sin mean atrazine 
concentrations of 240 1 100 pg-L‘1. Additional 
water samples taken during the first irrigation of 
the season resulted in mean atrazine concentrations 
of 45 1 20 ug-L'1. Two years later, atrazine was 
still present in irrigation ditch water at 19 2 2 
ug-L'1. The authors of the study (snith- et al., 
1975) concluded that irrigation water from the 
first two fillings of the ditches treated with 
atrazine should not be used for irrigation. 

Guideline (Interim) 

Given the extreme sensitivity of some crops 
(e.g.._ sugar beets) to the toxic effects of 
atrazine, the U.S. EPA concentration for atrazine 
in irrigation water of 10 ug~L‘1 is recommended as 
a Canadian water quality interim guideline until 
further information becomes available. 

Recreational Hater Quality and Aesthetics 

Guideline 

There is no recommended guideline for atrazine 
in recreational waters. 

Industrial Hater Supplies 

Guideline 

There is no recommended guideline for atrazine 
in industrial water supplies.



SHHARY 

Following an evaluation of the published 
information on the pesticide atrazine, Canadian 
Hater Quality Guidelines ‘were derived (Table 3). 
The background information on atrazine in terms of 

Table‘ 3. Recommended Hater Quality Guidelines for 
Atrazine 

Uses Guidelines 

Raw water for drinking 60 pg/L (IMAC)* 
water supply 

Freshwater aquatic life 2 ug/L 

Agricultural uses 
Livestock watering 
Irrigation 

60 ug/L (interim) 
( 

10 pg/L (interim) 

Recreational water 
quality and aesthetics No recommended guideline 

Industrial water 
supplies No recommended guideline 

* Existing drinking water guideline (Health and 
welfare Canada. 1987). 

uses and production, occurrence in the aquatic 
environment. persistence and degradation, and 

toxicity ‘to nontarget organisms was reviewed. The 
rationale employed for the development of the 
recommended guidelines was summarized. 

ACKHOHLEDGIENTS 

The authors appreciate the valuable assistance 
and helpful comments provided by the members of the 

Canadian’ Council _of Resource and Environment 
Ministers (CCREM) Task Force on Hater Quality 
Guidelines. This report benefited from the 

scientific reviewers‘ suggestions of M.C. Taylor, 

D. Valiela, and H. 0‘Neill of the Hater_0uality 
Branch; “J. Maguire of the National Hater Research 
Institute: K. Lloyd of the Canadian Hildlife 
Service: B. Ernst. M. Han, and R. Sebastien of 
Environmental Protection; and V. Zitko of Fisheries 

and Oceans.. 

16 

REFERENCES 

Alabaster, J.S. 1969. Survival of fish in 164 
herbicides, insecticides. fungicides, wetting 
agents and miscellaneous substances. Int. Pest 
Control, 11(2): 29-35. 

Andersen. k.J.. E.G. Leighty, and M.T. Takahashi. 
1972. Evaluation of ‘herbicides for possible 
mutagenic properties. J. Agric. Food Chem.. 
20: 649-656. 

Armstrong, D.E., and G. Chesters. 1968. Adsorption 
catalyzed chemical hydrolysis of atrazine. 
Environ. Sci. Technol.. 2(9): 683-689. 

Armstrong, D.E., G. Chesters. and R.F. Harris. 
1967. Atrazine hydrolysis in soil. Soil Sci. 
Soc. Am. Proc., 31: 61-66. 

Ashton. F.M., and A.S. Crafts. 1973, Hggg of Action 

9: Herbicides. New York: Hiley Interscience." 
Ashton. F.M., T. Bisalputra, and E.B. Risley. 

1966.’ Effect .of atrazine on Chlorella 
vulgaris. Am. J. Bot., 53(3): 217—219.i 

Bailey, G.H., A.P. Barnett, H.R. Payne, Jr.. and 
C.N. Smith. 1974. Herbicide runoff from four 
coastal plain soil types. EPA-600/2-74-017. 
U.S. Environmental Protection Agency.\ 

Bakke, J.E., J.D. Larson, and C.E. Price. ‘I972. 
Metabolism of atrazine and 2-hydroxyatrazine by 
the rat. J. Agric. Food Chem., 20(3): 603-607. 

Bakke, J.E., R.H. Shimabukuro, K.L. Davjson. and 
G.L. Lamoureux. 1972. Sheep and rat metabolism 
of the insoluble 14C-residues present in 
14C-atrazine-treated sorghum. Chemosphere, 1(1): 
21-24. 

Bathe. R., L. Ullmann, K. Sachsse. and R. Hess. 
1976. Relation between toxicity to fish and to 
mammals: A comparative study under defined 
laboratory conditions. In Predictions of 
Chronic Toxicity from Short Term Studies, Proc. 
Eur. Soc. Toxicol.. 17: 351-355, _ 

Bathe. R.. K. Sachsse. L. Ullmann, H.D. Hoermann, 
F. Zak. and R. Hess. 1975. Evaluation of fish 
toxicity in the laboratory. Proc. Eur. Soc. 

Toxicol., 16: 113-124. 
Beaumont, 6.. A. Lord, and G. Grenier. 1980. 

Effets physiologiques de l'atrazine a doses 
sublétales sur Lemma minor. V. Influence sur 
l'ultrastructure des chloroplastes. Can. J. 

Bot.. 58: 1571-1577. 
Binns, C.H.. and A.E. Johnson. 1970. Chronic and 

teratogenic effects of 2,4-D (2.4-dichlorophen- 
oxyacetic acid) and atrazine (2aCh10P0-ethy1- 
amino-6-isopropyl-amino-s-triaiine) to sheep. 
Proc. North Cent. Heed Control conf., 25: 100.



Birge. H.J.. J.A. Black, and D.M. Bruser. 1979. 
Toxicity of organic chemicals to embryo-larval 
stages of fish. EPAa550/11-79-007. U.S. En- 

— vironmental Protection Agency, Washington, D.C. 
Birge, H.J., J.A. “lack. A.G. Hesterman, and B.A. 

Ramey. 1983. Fish and amphibian embryos--A 
model system for evaluating teratogenicity. 
Fundam. Appl. Toxicol., 3: 237-242. 

Boger, P.. and U. Schlue. 1976. Long-term effects 
of .herbicides on the photosynthetic apparatus. 
1. Influence .of diuron, triazines and 
pyridazinones. Heed.Res.. 16: 149-154. 

Brockway, D.L.. P.D. Smith, and F.E. Stancil. 1984. 
Fate and effects of atrazine in small aquatic 
microcosms. Bull. Environ. Contam. Toxicol., 
32: 345-353. 

Burkhard, N., and J.A. Guth. 1981. Chemical 
hydrolysis of 2-chloro-4,6-bis(alkylamino)- 
1.3,5—triazine herbicides and their breakdown_in 
soil under the influence of adsorption. Pestic. 
Sci., 12(1): 45-52. 

Burrell. R.E.. H.E. Inniss, and C.I. Mayfield. 
1985. Detection and analysis of interactions 
between atrazine and sodium pentachlorophenate 
with- single and multiple algal-bacterial 
populations. Arch. Environ. Contam. Toxicol., 
14: 167-177. 

Burt, G.H. 1974. Volatility of atrazine from plant. 
soil, and glass surfaces. J. Environ. Qual.. 
3(2): 114-117. 

Butler. G.L., T.R. Deason, and J.C. 0'Kelley. 
1975. Loss of five pesticides from cultures of 
twenty-one planktonic algae. Bull. Environ. 
Contam. Toxicol., 13(2): 149-152. 

Butler, M.K., and J.A. Arruda. 1985. Pesticide 
monitoring in Kansas surface waters: 1973-1984. 
In Perspectives on Nonpoint Source Pollution: 
Proceedings of a National Conference. 
Kansas City, Missouri. May 19-20, 1985. pp. 
196-200. 

Caplan. J.A.. A.R. Isensee. and J.0. Nelson. 1984. 
Fate and effect of (14c) fenvalerate in a tidal 
marsh sediment ecosystem model. J. Agric. Food 
Chem,, 32: 155-171.

' 

Carere. A., and G. Morpugo. 1981. Comparison of the 
mutagenic activity of pesticides in 11339 in 
various short-term assays. Prog. Mutat. Res.. 
2: 87-104. 

CCREM. 1987. Canadian Hater Quality Guidelines. 
Prepared by the Task Force on Hater Quality 

Guidelines of the Canadian Council of Resource 
and Environment Ministers. 

Chiou. C.T., V.H. Freed, D.H. Schmeddihg, and R,L. 
Kohnert. 1977. Partititon coefficients and 
bioaccumulation of selected organic ‘chemicals. 

Environ. Sci. Technol., 11: 475-478. 
Chou. T.S., and D.F. Weber. 1981. The effect of 

atrazine on sister-chromatid exchange in maize. 
Genetics, 97(51): 521. 

Correll, D.L., and T.L. Wu. 1982. Atrazine toxicity 
to submersed vascular plants in simulated 
estuarine microcosms. Aquat. Bot., 14: 151-158. 

Correll, D.L., J.H. Pierce, and T.L. Hu. 1978. 
Herbicides and submerged plants in Chesapeake 
Bay. In Symposium on Technical, Environmental, 
Socioeconomic and Regulatory Aspects of Coastal 
Zone Management, pp. 858-877. American Society 
of Civil Engineers. San Francisco, California. 

Cunningham. J.J., H.M. Kemp. M.R. Lewis. and J.C. 
Stevenson. 1984. Temporal responses of the 
macrophyte Potamogeton perfoliatus L.. and its 
associated autotrophic community to atrazine 
exposure in estuarine microcosms. Estuaries, 
7: 519-530.

, 

Dabydeen, 5.. and J.R.C. Leavitt. 1981. Absorption 
and effect of simazine and atrazine on Elodea 
canadensis. Bull. Environ. Contam. Toxicol., 
26: 381-385. 

Dauterman. u.c., and w. Muecke. 1974. in vjtgg 
metabolism of atrazine by the rat liver. 
Pestic. Biochem. Physiol., 4: 212-219.

A 

deBertoldi, M.. R. Barale, and M. Giovannetti. 
1978. Mutagenicity of pesticides evaluated by 
means . of gene-conversion in Saccharomyces 
cerevisiae and 'Aspergillus nidulans. Mutat. 
Res.. 53: 174-175. 

deBertoldi, M., M. 
R. Barale. 1980. 

Griselli, M. Giovannetti, and 
Mutagenicity of pesticides 

evaluated by means of gene-conversion in 
Saccharomyces cerevisige and Aspergillus 
nidulans. Environ. Mutagen, 2: 359-370.

_ 

Delistraty, D.A., and C. Hershner. 1984. Effects of 
the herbicide atrazine on adenine nucleotide 
levels in Zostera marina L. (eelgrass). Aduat. 
Bot.. 18(4): 353.§o9. 

deNoyelles, F., and H.D. Kettle. 1985. Experimental 
ponds for evaluating ~bioassay predictions. In 
Validation and Predictability» of Laboratory 
Methods for Assessing the Fate and Effect 
of Contaminants sin Aquatic Ecosystems, ed.



T.P. Boyle, American Society for Testing and 
Materials Spec. Tech. Publ. 865. 

deNoyelles. F., H.D. Kettle, and D.E. Sinn. 1982. 
The responses of phytoplankton communities in 
experimental ponds to atrazine, the'most heavily 
used pesticides in the United States. Ecology. 
63(5): 1285-1293. 

Dewey. S.L. 1986. Effects of the herbicide atrazine 
on aquatic insect community structure and 
emergence. Ecology. 67(1): 148-162. 

Donna, 1A., P.G. Betta, F. Gagliardi. G.F. Ghiazza, 
M. Gallareto, and V. Gabutto. 1981. Preliminary 
experimental contribution to the study of 
possible carcinogenic activity of two herbicides 
containing atrazine-simazine and trifuralin as 
active principles. Pathologica. 73: 707-721. 

Dudley, D.R., and J.R. Karr. 1980. Pesticides and 
PCB residues in the Black Creek watershed. Allen 
County, Indiana--1977-78. Pestic. Monit. J.. 
13(4): 155-157. 

Edwards; M.H. 1972. Agricultural chemical pollution 
as affected by reduced tillage systems. In 

Proceedings. No-Tillage Systems Symposium, Ohio 
State University, Feb. 21, 1972. pp. 30-40. 

Ehling, U.H. 1980. Chemically-induced 'mutations 
in (mice. "In Commission of the European 
-Communities.: Environment and Quality of Life, 
Second Environmental Research Program 1976-1980. 
pp. 234-339." 

Ellgehausen. H.. J.A. Guth. and H.0. Esser. 1980. 
Factors determining the bioaccumulation 
potential of pesticides in the, individual 
compartments of aquatic food ‘ chains. 
Ecotoxicol. Environ. sar., 4: 134-157. 

Environment Canada. 1986. Presence’ des herbicides 
dans lerfleuve Saint Laurent et ses tributaires. 
Iniand . Waters Directorate. Hater Quality 
Program, Quebec Region. 

Environment Canada/Agriculture Canada. 1987. 
Pesticide.» Registrant Survey 1986 Report. 

sPrepared by Commercial Chemicals Branch, 
Environment Canada; January_1987. 

Environment Canada/Ministére de l'Environnement du 
Quebec. 1984. Les pesticides en agriculture au 
Quebec en 1982. Mai 1984, 134 pp. 

Erb. F.. J. Dequidt. J. Pommery. Ph. Colein, and de 
Ch. Gontier. 1980. Evolution de quelques 
herbicides chlores et azotes dans une chaine 
trophodyamique en eau douce. Environ. Technol. 
Lett., 1: 58-63. 

Esser. H.0., G. Dupuis, E. Ebert, G.J. Marco, and 
C. Vogel. 1975. S-triazines. In Herbicides: 
Chemistry, Degradation, and Mode of Action. 2nd 
edition," ed. P.C. Kearney and D,D. Kaufman. 
New York: Marcel Dekker, Inc.

_ 

Exner, M.E., and R.F. Spalding. 1985. Ground-water 
contamination and well construction in southeast 
Nebraska. Ground Hater, 23(1): 26-34. 

Forney, D.R., and D.E. Davis. 1981. Effects of low 
concentrations‘ of herbicides on submersed 
aquatic plants. Heed Sci., 29: 677-685. 

Foster, T.S., S.U. Khan. and M.H. Akhtar. 1979. 
Metabolism of atrazine by the soluble fraction 
(105 000 9) from chicken liver homogenates. 
J. Agric. Food Chem., 27(2): 300-302. 

Foy, C.L. 1964. Volatility and tracer studies with 
alkylamino-s—triaiines. needs, 12: 103.108. 

Frank, R. 1981. Pesticides and PCB in the Grand and 
Saugeen river basins. J. Great Lakes Res., 
8(4): 440-454. 

Frank. R., and G.J. Sirons. 1979. Atrazine: Its use 
in corn production and its loss to stream waters 
in southern- Ontario, 1975-1977. Sci.’ Total 
Environ., 12: 223-239. 

Frank, R.. G.J. Sirons, and 8.0. Ripley. 1979. 
Herbicide contamination and decontamination of 
well waters in Ontario, Canada, 1969a78, Pestic. 
Monit. J.. 13(3): 120-127. 

Frank, R., B.$. Clegg. B.D. Ripley, and H.E. Braun. 
1987. Investigations of pesticide contaminations 
in (rural wells, Ontario. Canada. 
Arch. Environ. Contam. Toxicol., 16: 9-22. 

Frank, R,, G.J. Sirons, R.L. Thomas, and 
K. McMillan. 1979. Triazine residues in 
suspended‘ solids (1974-1976) and water (1977) 
from the mouths of Canadian streams flowing into 
the Great Lakes. J. Great _Lakes Res. 
5(2): 131-138. ' 

Frank, R., H.E. Braun, M.V.H. Holdrinet, 6.3. 
Sirons, and B.D. Ripley. 1982. Agriculture and 
water quality in the Canadian Great Lakes Basin: 
V. Pesticide use in 11 agricultural watersheds 
and presence in stream. water, 1975-1977. 
J. Environ. Qua1., 11(3); 497s505. 

Frank, R., B.D. Ripley, H.E. Braun. B.S. Clegg, 
R. Johnston. and TLJ. 0’Neill. 1987. Survey of 
farm wells for pesticide residues, southern 
Ontario, Canada, 1981-1982, 1984. Arch. 
Environ. Contam. Toxicol.. 16: 1-8.



‘ 

Gluth. 6., and w. Hanke. 

Frank, R., H.E. Brauh. G.J. Sirons, M.V.H. 
Holdrinet, B.D. Ripley. D. 0nn, and R. Coote. 
1978. Stream Flow Quality--Pesticides in Eleven 
Agricultural watersheds’ in Southern Ontario, 
Canada. 1974-1977. International Reference 
Group on Great 1Lakes Pollution from Land Use 
Activities. Project 4B-Stream Flow Quality. 
Task Group C (Canadian Section), Activity 1. 

Gardner. 6. 1981. ‘Azidoatrazine: Photoaffinity 
label for the site of triazine herbicide action 
in chloroplasts. Science, 211: 937-940. 

Gaynor, J.D., and V.V. Volk. 1981. Runoff losses of 
atrazine and terbutryn ‘from unlimed and limed 
soil. Environ. Sci. Technol., 15(4): 440-443. 

Geigy Agricultural Chemicals. 1971a. AAtrex 
herbicide technical bulletin. GAC 700-564. 
Division of CIBA. Geigy Corp.. Ardsley, New 
York. 

Geiéy. Agricultural chemicals. 1971b. AAtrex 80H 
herbicide_sample label, GAC 130-070. Division of 
CIBA, Geigy Corp.. Ardsley, New York. 

Ghassemi, M., L. Fargo, P. Painter, P. Painter 
S. Quinlivan, R. Scofield, and A. Takata. 1981. 
Environmental Fates and Impacts of Major Forest 
Use Pesticides. Redondo Beach, California: TRH. 

Glenn. 5., and J.S. Angle. 1987. Atrazine and 
simazine in runoff from conventional and no-till 
corn watersheds. Agric. Ecosys. Environ., 
18: 273-280. 

1985. A comparison of 
physiological changes in carp, Cyprinus carpio, 
induced by several pollutants at sublethal 
concentrations. 1. The dependency on exposure 
time. Ecotoxicol. Environ. Saf., 9: 179-188. 

Gluth, 6., D. Freitag, H. Hanke, and F. Korte. 
1935. Accumulation of pollutants in fish. Comp. 
Biochem. Physiol., 81C(2): 273-277. 

Goswami, K.P., and R;E.‘ Green. 1971. Microbial 
degradation of the herbicide atrazine and its 
2-hydroxy analog in submerged soils. Environ. 
Sci. Technol., 5(5); 426-429. 

Grfimlich. J.V., and R.E. Frans. 1964. Kinetics of 
Chlorella inhibition by herbicides. Needs. 
12; 184-189. 

srenigr. 6., and s. Beaumont. 1983. Effets 
physiologiques de l'atrazine a doses subletales 
5"? Lead; @1395. VII. Incorporation 
d'acetate-1.2-(14c) dans les groupes de lipides 
et 

' 

leurs acides gras. Physiol. Plant., 
57; 477-484. 

Grenier, 6., J.P. Marier, and G. Beaumont. 1979. 
Effets physiologiques de l'atrazine 1 doses 
subletales sur Lgmgg minor L. IV. Influence 
sur la composition lipidique. Can. J.‘ Bot.; 
57: 1015-1020. 

Grutman, 8., L. Schoofs, J-F Lontie. and 
N. van Larebeke. 1984. The mutagenicity in 
procaryotes of herbicides. Residue Rev., 
91: 1-45. 

Gunkel. G. 1981. Bioaccumulation of herbicide 
(atrazine. s-triazine) in the whitefish 
(Coregonus fgrg): Uptake and distribution of the 
residue in fish. Arch. Hydrobiol. Suppl., 
59(2-3): 252-287. 

Gunkel. 8., and B. Streit. 1980. Mechanisms of 
bioaccumulation of a herbicide (atrazine, 
s-triazine) in a freshwater mollusc (Ancylus 
fluviatilis Mull.) and a fish (Coregonus fgrg 
Juéiné). water Res., 14(11): 1573-1584. 

Haith, D.A. 1980. A mathematical model for 
estimating _pesticide losses in runoff. 
J. Environ. 0ual., 9(3): 428-433. 

Haith, D.A. 1986. Simulated regional model for 
estimating pesticide losses in runoff. 
J. Environ. Qual., 15(1): 5-8. 

Hall, J.K. 1974. Erosional losses’ of s-triazine 
herbicides. J. Environ. Qual., 3: 174-180. 

Hall, J.K., N.L. Hartwig, and L.D. Hoffman. 1983. 
Application mode and 
effects . on atrazine losses from a hillside. 
J. Environ. 0ual.. 12(3): 336-340. 

Hall, J.K.. M. Pawlus, and E.R. Higgins. 1972. 
Losses of atrazine in runoff water and soil 
sediment. J. Environ. 0ual., 1(2): 172-176. 

Hamala, J.A., and H. P. Kollig. 1985. The effects 
of atrazine on periphyton communities in 
controlled laboratory ecosystems. Chemosphere, 
14(9): 1391-1408. 

Hamilton, P.B., G.S. Jackson, N.K. Kaushik. and 
K.R. Solomon. 1987. The impact of atrazine on 
lake periphyton communities, including carbon 
uptake dynamics using track autoradiography. 
Environ. Pollut., 46: 83-103. 

Hance, R.J.. and G. Chesters. 1969. The fate of 
hydroxyatrazine in a soil and a lake sediment. 
Soil Biol. Biochem.. 1: 309-315. 

Harris, C.I., and G.F. Warren. 1964. Adsorption and 
desorption of herbicides by soil. Heeds. 
12: 120. 

alternative cropping’



Hartman, H.A.. and D;B. Martin. 1985. Effects of 
four agricultural pesticides on Daphnia pglgg, 
Lemna minor, and Potamogeton pectinatus. Bull. 
Environ. Contam. Toxicol., 35: 646-651. 

Health -and Welfare Canada. 1987. Guidelines for 
Canadian Drinking Water Quality .1987. Prepared 
by the Federal-Provincial Subcommittee_ on 
Drinking Hater of the Federal-Provincial 
Advisory . Committee on Environmental and 
Occupational Health. 

Herman, D., N.K. Kaushik, and K.R. Solomon. 1986. 
Impact of atrazine on periphyton in freshwater 
enclosures and some ecological consequences. 
Can. J. Fish. Aquat. Sci.. 43: 1917-1925. 

Hershner. C., K. Ward. J. Illowsky, D. Delistraty, 
and J. Martorana. 1983. The effects of atrazine 
on Zostera marina in the Chesapeake Bay. 
Virginia. Final_ report, U.S. Environmental 
Protection Agency, Chesapeake Bay Program, 
Virginia Institute of Marine Science. (Cited in 
Delistraty and Hershner. 1984.) 

Hoffman, D.J.. and P.H. Albers. 1984. Evaluation of 
potential embryotoxicity and teratogenicity of 
42 herbicides, insecticides and petroleum 
contaminants to mallard eggs. Arch. Environ. 
Contam. Toxicol., 13: 15-27. 

Hollister, T.A., and B.E. Halsh. 1973. Differential 
responses of marine phytoplankton to herbicides: 
Oxygen .evolution. Bull. Environ. Contam. 
Toxicol., 9(5): 291-295. 

Huckins, J.N.. J.D. Petty, and D.C. England. 1986. 
Distribution and impact of trifluralin, 
atrazine, and fonofos residues in microcosms 
simulating a northern prairie wetland. 
chemosphere, 15(5): 563-588. 

Innes, J.R.M., B.M. Ulland, M.G. Valerio, 
L. Petrucello, L. Fishbein, E.R. Hart. 
A.J. Pallotta. R.R. Bates. J.L. Falk, J.J. Gart, 
M. Klein, I. Mitchell, and J. Peters. 1969. 

Bioassay of pesticides and industrial chemicals 
for tumorigenicity in mice: A preliminary note. 
J. Nat. Cancer Inst.. 42: 1101-1114. 

Isensee, A.R. 1987. Persistence and movement of 
atrazine in. _.a salt marsh sediment 
microecosystem. Bull. Environ. Contam. Toxicol., 
39: 516-523. 

Johnson, B.T. 1986. Potential impact of selected 
agricultural chemical contaminants on a northern 
prairie wetland: A microcosm evaluation. 
Environ. Toxicol. Chem., 5: 473-485. 

Jones, T.H., and P.S. Estes. 1984. Uptake and 
phytotoxicity of soil-sorbed atrazine for the 
submerged aquatic plant, Potamogeton genfoliatus 
L. Arch. Environ. Contam. Toxicol., 13: 237-241. 

Jones, _T.H., and L. Winchell. 1984. Uptake and 
photosynthetic inhibition by atrazine and its 
degradation products on four species of 
submerged vascular plants. J. Environ. Dual., 
13(2): 243-247. 

Jones, T.H., iH.M. Kemp, P.S. Estes, and 
’J.C. Stevenson. 1986. Atrazine uptake, 
photosynthetic inhibition. and short-term 
recovery for the submersed vascular plant, 
Potamogeton perfoliatus L. Arch. Environ. 
Contam. Toxicol.. 15: 277-283. 

Jones, T.H., M.M. Kemp. J.C. Stevenson. and J.C. 
Means. 1982._ Degradation of atrazine in 
estuarine water/sediment systems and soils. 
J. Environ. Qual., 11(4): 632-638. 

Jordan. L.S.. J.D. Mann, and B.E. Day. 1965. 
Effects of ultraviolet light on herbicides. 
Needs, 13(1): 43-46. 

Jordan, L.S.. H.J. Farmer, J.R. Goodin, and 
B.E. Day. 1970. Nonbiological detoxication of 
the s-triazine herbicides. Residue Rev.. 
32: 267-286. 

Jowett. P.L., S.S. Nicholson, and G.A. Gamble. 
1986. Tissue levels of atrazine in a case 
of bovine poisoning. Vet. Hum. Toxicol., 
28(6): 539-541. 

Junk, G.A., R.F. Spalding, and J.J. Richard. 1980. 
Areal, vertical, and temporal differences in 

ground water chemistry: II. Organic 
constituents. J. Environ. Qual., 9(3): 479-483. 

Kadoum, A.M., and D.E. Mock. 1978. Herbicide and 
insecticide residues in tailwater pits: -water 
and pit bottom soil from irrigated corn 
and sorghum fields. J. Agric.' Food Chem., 
26(1): 45-50. .

~ 

Kearney. P.C., J.J. Sheets, and J.H. Smith. 1964. 
Volatility of seven s-triazines.' Needs. 
12: 83-87. 

Kemp, M.M.. H.R. Boynton. J.J. Cunningham, 
J.C. Stevenson, T.N. Jones, and‘ J.C. Means. 
1985. Effects of atrazine and linuron on 
photosynthesis and growth of the macrophytes 
Potamogeton perfoliatus L. and Myrjophyllum 
sgicatum L. in an estuarine environment. Mar. 
Environ. Res.. 16: 255-280.

20



Kenaga, F.F. 1979. Aquatic test_ organisms and 
methods useful for assessment of chronic 
toxicity of chemicals. In Analysing the Hazard 
Evaluation Process, ed. K.L. Dickson, A.H. Maki, 
and J. Cairns, Jr.. Pp. 101-111. American 
Fisheries Society, Hashington, D.C. 

Kettle, N.D., F. deuoyelles. Jr., B.D. Heacock, and 
A.M. Kadoum. 1987. Diet and reproductive success 
of bluegill recovered from experimental ponds 
treated with atrazine. Bull. Environ. Contam. 
Toxicol., 38: 47-52.

_ 

Khan, S.U. 1978. Kinetics of hydrolysis of atrazine 
in aqueous fulvic acid solution. Pestic. Sci.. 
9: 39-43.

, 

Khan, S.U., and T.S. Foster. 1976. Residues of 
atrazine -(2-chloro-4-ethylamino—6-isopropyl- 
amino-s-triazine) and its metabolites in 
chicken‘ tissues. J. Agric. Food Chem., 24(4): 
768-771.

V 

Khan, s.u., T.S. Foster, and M.H. Akhtar. 1979. ;g 
vjtrg metabolism of_a mixture of atrazine and 
simazine »by the soluble fraction (105 000 g) 
from goose, pig and sheep liver-homogenates. 
Pestic. Sci., 10: 460-466. 

Klaassen, H.E.. and A.M. Kadoum. 1979. Distribution 
and retention of atrazine and carbofuran in farm 
pond ecosystems. Arch. .Environ. Contam. 
Toxicol., 8: 345-353. 

Kobel, H., D.D. Sumner, J.B. Cambell, D.B. Hudson, 
and J.L. Johnson. 1985. Protective effect of 
activated charcoal in cattle poisoned with 
atrazine. Vet. Hum. Toxicol., 27(3): 185-188. 

Kosinski. R.J. ‘1984. The effect of terrestrial 
herbicides on ‘the community structure of 
stream periphyton. Environ. Pollut. Ser. A., 
36: 165-189. 

Kosinski, R.J., and M.G. Merkle. 
of . four terrestrial herbicides on the 
productivity of artificial ‘stream algal 
communities. J. Environ. Qual., 13(1): 75-82. 

Kratky, B.A., and G.F. Harren. 1971. The use of 
three simple, rapid bioassays on forty-two 
herbicides. Heed Res., 11: 257-262. 

Larsen, D.P., F. defloyelles, Jr., 
T. Shiroyama. 1986. Comparisons of single- 
species, microcosm and experimental pond 
responses to atrazine exposure. Environ. 
Toxicol. Chem., 5: 179-190. 

Lay, J.P., A. Muller, L. Peichl, M. Klein, and 
F. Korte. 1984. Long term effects of the 
herbicides atrazine and dichlobenil upon the 

1984. The effect 

F. Stay, and 

phytoplankton density and physico-chemical 
conditions in compartments of a freshwater pond. 
Chemosphere, 13(7): 821-832. . 

Loprieno, N., and I.D. Alder. 1980. Cooperative 
programme of the European Economic Community on 
short-term assays for mutagenicity. In Molecular 
and Cellular Aspects of carcinogen Screening 
Tests, ed. R._ Montesano, J. Bartsch, and 
L. Tomatis. International Association for 
Reseach in Cancer, ‘Sci. Publ. No. 27., 
pp. 331-341. 

Loprieno, N., R. Barale, S. Presciuttini, 
A.M. Rossi. 1. Sbrana, G. Stretti, L. Zaccaro. 
A. Abbondandolo, S. Bonati, and R. Fiorio. 1979. 
Comparative data with different test systems 
using microorganisms and mamalian cells on 
references and environmental mutagens. Mutat. 
Res.. 64: 119 (abstract). 

Lynch, _T.R., H.E. Johnson, and H.J. Adams. 1982. 
The fate of atrazine and a hexachlorobiphenyl 
isomer in naturally derived model stream 
ecosystems. Environ. Toxicol. Chem., 1: 179-192. 

Lynch, T.R., H.E. Johnson, and H.J. Adams. 1985. 
Impact of atrazine and hexachlorobiphenyl on the 
structure and function of model stream 
ecosystems. Environ. Toxicol Chem., 4: 399-413. 

Macek, K.J.. K.S. Buxton, S. Sauter, S. Gnilka, and 
J.H. Dean. 1976. Chronic toxicity of atrazine to 
selected aquatic invertebrates and fishes. 
EPA-600/3-76-047. U.S. Environmental Protection 
Agency, Duluth, Minnesota. 

Malanchuk, J.L., and H.P. Kollig. 1985. Effects of 
atrazine on aquatic ecosystems: A physical and 
mathematical modeling assessment. In Validation 
and Predictability of Laboratory Methods for 
Assessing the Fate and Effects of Contaminants 
in Aquatic Ecosystems. ed. T.P. Boyle, American 
Society for Testing and Materials Spec. Tech. 
Publ. 865. 212-224. 

Marquardt, H. 1980. Further improvement of a 
genetic prescreening test pattern for 
carcinogenic effects of environmental chemicals. 
Environ. Res. Prog., 248-252. (Cited in U.S. 
Department of Agriculture, 1984.) 

Maule. A., and S.J.L. Mright. 1984. Herbicide 
effects on the population growth of some green 
algae and cyanobacteria. J. Applied Bacteriol., 
57: 369-379. 

Mayasich, J.M., E.P.. Karlander, and_D.E. Terlizlzi, 
Jr. 1986. Growth responses of Mannochloris 
ggglgtg Droop and Phaeodactylum tricornutum

21



Mayasich. 

(McGee, B. 

Bohlin to the herbicide atrazine as influenced 
by light. intensity and temperature. Aquat. 
Toxicol., 8: 175-184.

I 

J.M., E.P. Karlander. and D.E. Terlizzi, 
Jr. 1987. Growth responses of Nannochloris 
oculata Droop and Phaeodactylum tricornfltum 
Bohlin to the herbicide atrazine as inriuenéed 
by light intensity and temperature in unialgal 
and bialgal assemblage. Aquat. 4Toxicol., 
10: 187-197. 

McEnerney, J.T., and D.E. Davis. 1979. Metabolic 
fate of atrazine in the Spartina alterniflora- 

ggtggtgs-ggg pggggg food ‘chain. J. Environ. 
Oual., 8(3): 335-333. T 

1984. 
_ 

Survey of pesticide use in 

Ontario, 1983. Economics Information Report No. 
84-05. Economics and Policy Coordination Branch, 
Ontario Ministry of Agriculture and Food, 
Toronto. « 

Means. .J.C.. and .R. Hijayaratne. 1982. Role of 
natural colloids in the transport of hydrophilic 
pollutants. Science, 215: 968-970. ' 

Means, _J.C., R.D. Hijayaratne, and H.R. Boynton. 
1983.. Fate and transport of selected herbicides 
inn an estuarine environment. Can. J. Fish. 
Aquat. Sci.. 40(Suppl. 2): 337-345. 

Metcalfe, R.L.. and D. Lu. 1977. Partition 
coefficient and environmental fate of xenobiotic 
compounds. In Terrestrial Microcosms and 
Environmental Chemistry. ed. J. Hitt and 
J. Gillette. National Science Foundation, 
Washington, D.C. 

Metcalfe. R.L.. and J.R. Sanborn. 1975. Pesticides 
and environmental quality in Illinois. Ill. Nat. 
Hist. Surv. Bull.. 31: 377-436. 

Millard, E.S., G.A. Brunison. C.C. 
Johnson. ’ R. Frank. and- G.J. Sirons. 1979. 
Biomagnification of atrazine in lake column 
simulators. International Reference Group on 
Great Lakes Pollution from Land Use Activities, 
Task Group D (Canadian Section). 

Millie, D.F.. and C.H. Hersh. 1987. Statistical 
characterizations of the atrazine induced 
photosynthetic inhibition of Cyclotella 
meneghiniana (Bacillariophyta). Aquat. Toxicol.. 
10: 239-249. 

Charlton, M.G. 

Moorhead, D.L., and R.J. Kosinski. 1986. Effect of 
atrazine on the productivity of artificial 
stream algal communities. Bull.. Environ. 

Contam. Toxicol.. 37: 330-336. 
Moreland, D.E. 1980. Mechanisms of actions of 

herbicides. Annu. Rev. Plant Physiol., 
31: 597-638.

' 

Moxley, J. 1989. Survey of pesticide use in 
Ontario. 1988. Economics Information Report No. 
89-08. _Economics and Policy Coordination 
Branch, Ontario Ministry of Agriculture "and 

Food. Toronto. 
Mrak, E.M. 1969. Report on the Secretary's 

Comission on Pesticides and Their Relationship 
to Environmental Health. U.S. Depflrtment of 
Health, Education and welfare. Government 
Printing Office. Mashington, D.C. 

Muir, n.c.. and B.E. Baker. 1976. Detection of 
triazine herbicides and their degradation 
products in tile-drain water from fields under 
intensive corn (maize) production. J. Agric. 
Food Chem.; 24(1): 122-125. 

Muir, D.C.G., J.Y. Yoo. and B.E. Baker. 1978. 
Residues of atrazine and Q deethylated atrazine 
in water from five agricultural watersheds 
in Quebec. Arch. Environ. Contam. Toxicol., 
7: 221-235. 

Murnik. M.R.. and C.L. Nash. 1977. Mutagenicity of 
the triazine herbicides atrazine, cyanazine, and 
simazine in Drosophila melanogaster. J. Toxicol. 
Environ. Health. 3: 691-697. 

Newby, L.. and B.E. Tweedy. 1976. Atrazine residues 
in major rivers and tributaries (abstract). In 
172nd American Chemical Society National 
Meeting, San Francisco, California. 

Njagi, G.D.E., and_ H.N.B. Gopalan. 1980. 
Mutagenicity testing of some. selected food 
preservatives, herbicides and insecticides: 
II Ames test. Bangladesh J. Bot., 9: 141-146. 

Obien, S.R., and R.E. -Green. 1969. Degradation of 
atrazine in four Hawaiian soils. Heed Sci., 
17: 509-514. . 

Ontario Ministry of the Environment. 1986. Drinking 
Mater Survey _St. Clair-Detroit River Area. 
Hater Resources Branch. 

Ontario Ministry of the Environment. 1987a. 
Pesticides in Ontario drinking water--I985. 
Water Resources Branch, Drinking water Section. 

Ontario Ministry of the Environment. 1987b. 
Pesticides in Ontario drinking water--1986. 
Hater Resources Branch, Drinking Hater Section. 

Palmer, J.S., and R.D. Radeleff. 1964: The 
toxicological effects of certain fungicides and 
herbicides on sheep and cattle. Ann. N.Y. Acad. 
Sci.. 111(2): 729-736. 

Palmer, J.S., and R.D. Radeleff. 1969. The toxicity 
of some.organic herbicides to cattle, sheep, and 
chickens. Production Research Report No. 106. 
Agricultural Research Service. U.S. Department 
of Agriculture, Hashington, D.C.

22



Cultural 
in water on 

P.E.I. Departmentv of Community and 
Affairs. 1985. Pesticides sampled 
P.E.I. Hater Resources Section. 

Peichl, L., J.P. Lay, and F. Korte. 1984. Hirkung 
von dichlobenil und atrazine auf die 
populationsdichte von zooplanktern in einem 
aquatischen freilandsystem. Z. Hasser Abwasser 
Forsch., 17: 134-145. 

Peichl. L., J.P. Lay. and F. Korte. 1985. wirkung 
von atrazine und 2,4-dichlorphenoxyessignsaure 
auf die populationsdichte von phyto- und 
Pzooplankton in einem aquatischen freilandsystem. 
Z, wasser Abwasser Forsch., 18: 217-222. 

Peters. J.H., and R.M. Cook. 1973. Effects of 
atrazine on reproduction in rats. Bull. Environ. 
Contam. Toxicol., 9: 301-304. 

Pierce, P.C., age. Frey, and H.M. Yawn. 1965. Field 
evaluations of newer aquatic herbicides. In 
Proceedings, 18th Annual Meeting of the Southern 
Heed Conference, Jan. 19-21, 1965, Dallas, 
Texas, PP~ 497-506. 

Pillai,_ C.G.P.,-J.D. Heete, and D.E. Davis. 1977. 
. Metabolism of atrazine by Spantina alterniflora. 

1. chloroform-soluble metabolites. J. Agric. 
Food_Chem.. 25(4): 852-855. 

Pillai, C.G.P., J.D. Heete. A.M. Diner, and D.E. 
Davis. 1979. Atrazine metabolism in box crabs. 
J. Environ. 0ual., 8(3): 277-280. 

Pionke, H.B., D.E. Glotfelty, A.D. Lucas, and 
J.B. Urban. 1988. Pesticide contamination of 
groundwaters in the Mahantango Creek watershed. 
J. Environ. 0ual.. 17(1): 76-84. 

Plewa, M.J., and J.M. Gentile. 1976. Mutagenicity 
of atrazine: A maize-microbe bioassay. Mutat. 
Res.. 38: 287-292.

. 

Plumley, F.G., and D.E. Davis. 1980. The effects of 
a photosynthetic inhibitor, atrazine, on salt 
marsh. adaphic algae in culture. microcosms, and 
in the field. Estuaries, 3(4): 217-223. 

Pratt. J.R., N.J. Bowers. B.R. Niederlehner, and 
J. Cairns, Jr. 1988. Effects of atrazine on 
freshwater microbial communities. Arch. Environ. 
Contam. Toxicol., 17: 449-457. 

Richard, J.J., G.A. Junk, H.J. Avery. N.L. Nehring, 
:J.S. Fritz. and H.J. Svec. 1975. Residues in 
water: Analysis of various Iowa waters for 
selected pesticides; atrazine, DOE. and dieldrin 
1974. Pestic. Monit. J., 9: 117-123. 

Richards, R.P., J.H. Kramer, D.B. Baker. and 
K.A. _Krieger. 1987. Pesticides in rainwater in 
the northeastern United States. Nature, 
327: 129-131. 

Roeth. 

23 

B.D.. 1985. 
Of 

8.5. Clegg. and R. Frank. 
Survey triazine and 
herbicides in ’well water in Ontario. Canada, 
1985 (abstract). In The Sixth International 
Congress of Pesticide Chemistry, August 10-15, 
1986. Ottawa, Canada. ' 

Ritter, ’H.F., 

M. Molnau. 

Ripley, 

H.P. 
1974. 

Johnson, H.E. Lovely. and 
Atrazine, propachlor, and 

diazinon residues on small agricultural 
watersheds; runoff losses, persistence,— and 
movement. Environ. Sci. Technol., 8(1): 38-42. 

Roberts, G.C., G.J. Sirons, R. Frank, and 
H.E. Collins. 1979. Triazine residues in a 
watershed in southwestern Ontario (1973-1975). 
J. Great Lakes Res.. 5(3): 246-255. 

Rocchio. P.M.. and J.L. Malanchuk. 1986. The 
effects of atrazine on _dissolved oxygen and 
nitrate concentrations in aquatic systems. 
Environ. Sci. Technol., 12: 597-601. 

F.H., T.L. Lavy, and 0.C. Burnside. 1969. 
Atrazine degradation in two soil profiles. Heed 
Sci.. 17: 202-205. 

Rohde, H.A., L.E. Asmussen, E.H. Hauser, 
N.L. Hester, and H.D. Allison. 1981. Atrazine 
persistence in soil and transport in surface and 
subsurface runoff from plots in 
coastal plain of the southern "United States. 
Agro-Ecosystems, 7: 225-238. ’ 

Russell, J.D., M. Cruz, and J.L. white. 1968. Mode 
of chemical degradation of s—tria;ines by 
montmorillonite. Science. 160: 1340-1342. 

Schepers. J.S.. E.J. Vavricka, D.R. (Andersen, 
H.D. Hittmuss, and G.E. Schuman. 1980. 
Agriculture runoff during a drought period. 
J. Hater Pollut. Control Fed., 52(4): 711-719. 

Schober. U.. and H. Lampert. 1976. Effects of 
sublethal concentrations of a herbicide on 
Daphnia. Naturwissens-Chaften. 63(5): 241-242. 

Schober, u.. and u. Lampert. 1977. Effects of 
sublethal concentrations of the herbicide 
atrazine on growth and reproduction of Daphnia 
Qglgg. Bull. Environ. contam. Toxicol., 
17(3): 269-277. 

Seiler, J.P. 1973. A survey of the mutagenicity of 
various pesticides. Experentia. 29: 622-623. 

Simmon, V.F., K. Kauhanen. and R.G. Tardiff. 1977. 
Mutagenic activity of chemicals identified in 
drinking water. vIn Progress in Genetic 
Toxicology. ed. D. Scott, B.A. Bridges. and 
F.H. Sobels, pp. 249-258.. Amsterdam: 
Elsevier/North Holland Biomedical Press. 

chloroacetamide 

the



Skipper, H.D., C.M. Gilmour. and H.R. Furtick. 
1957. Microbial versus chemical degradation of 
atrazine 

V 

in soils. Soil Sci. Soc. Am. Proc., 
31:_653-656. 

Skipper, H.D., V.V. Volk, H.M. Mortland, and 
K.V. Raman. 1978. Hydrolysis of atrazine on soil 
colloids. Heed Sci.. 26(1): 46-51. 

Smith. A.E., R. Grover. G.S. Emmond, and 
H.C. Korven. 1975. Persistence and movement of 
atrazine, 'bromacil, monuron and simazine in 
intermittently-filled irrigation ditches. Can. 
J. Plant Sci., 55: 809-816. 

Smith, C.N., R.A. Leonard, G.H. Langdale, and 
G.H. Bailey. 1978. Transport of agricultural 
chemicals from small upland piedmont watersheds. 
U.S. Environmental Protection Agency. 
Environmental Protection Technology Series. 
Unpublished draft. . 

Sobels, F.H., A.D. Tates. and A.T. Natarajan. 1980. 
Studies on the Induction of Chromosome 
Aberrations in Mammalian Germ Cells and Somatic 
Cells_ by Chemical Mutagens. Commission of 
European Communities Report 6388, Environmental 
Research Program. PP- 306-310. (Cited in U.S. 
Department of Agriculture, 1984.) 

Solt, A.K., and S. Neale. 1980. Induction of 
bacterial‘ mutations by mutagenic metabolites 
produced in intact mice. Mutat. Res.. 
74(3); 214. 

Statistics Canada. 1986. Imports: Commodity by 
Country: C.I.T.C. Detail (1983-1984 and 

1985) . 

Stay. F.S.. D.P. Larsen, A. Katko, and C.M. Rohm. 
1985. Effects of atrazine on community level 
responses in Taub microcosms. In Validation and 
Predictability of Laboratory Methods for 
Assessing the Fate and Effects of Contaminants 
in Aquatic Ecosystems. ed. T.P. Boyle. American 
Society for Testing and Materials Spec. Tech. 
Publ. 865. pp. 75-90. 

Stratton, G.H. 1984. Effects of the herbicide 
atrazine and its degradation products. alone and 
in combination, on phototrophic microorganisms. 
Arch. Environ. Contam. Toxicol., 13: 35-42. 

Streit, B. 1979. Uptake, accumulation, and release 
of organic pesticides by benthic invertebrates. 
93. Distribution of 4C-atrazine and 14C-lindane 
in an experimental 3-step food chain microcosm. 
Arch, Hydrobiol. Suppl.. 55(3-4); 373-400. 

Suschetet, M., J. Leclerc. M. Lhuissier, and 

H. Loisel. 1974. Toxicité_ et effets 
nutritionnels chez le rat. de deux herbicides: 

24 

Le piclorame (acide amino-4-trichloro-35,6- 
picolinoque) et l'atrazine (chloro-2-ethylamino- 
4-isopropylamino-6-s-triazine). Ann. Nutr. 
Aliment. , 28: 29-47. 

Talbert, R.E.. and 0.H. Fletchall. 1965. The 
adsorption of some s-triazines in soils. Needs, 
13(1): 46-51. 

Thomas. V.H., Jr., L.J. Buckley, J.0. Sullivan. 
Jr.. and M. Ikawa. 1973. Effect of herbicides on 
the growth of Chlorella and Bacillus using the 
paper disc method. Heed Sci.. 21(5): 449:451. 

Thomson, H.T. 1979. Agricultural Chemicals. 
Book II. Herbicides. 1979-1980 revision. Fresno 
California: Thomson Publications.

V 

Torres. A.M.R., and L.M. 0'Flaherty. 1976. 
Influence of pesticides on Chlorella, 
Chlorococcum, Stigeoclonium (Chlorophyceae). 
Igjbgngmg. 

C 

Vaucheria (Xanthophyceae) and 
Oscillatoria (Cyanophyceae). Phycologia, 
'15(1): 25-36.

_ 

Triplett, 6.8., Jr., B.J. Conner, and_H.M. Edwards. 
1978a. Herbicide runoff from conventional and 
no-tillage cornfields. 0hio Rep., 63(5): 70-73. 

Triplett, G.B.. Jr.. 3.3. Conner, and w.M. Edwards. 
1978b. Transport of atrazine and simazine in 
runoff from conventional and no-tillage corn. 
J. Environ. 0ual.. 7(1): 77-84.

\ 

Turbak, S.C., S.B. Olson, and G.A. McFeters. 1986. 
Comparison of algal assay systems for detecting 
waterborne herbicides and metals. Hater” Res., 
20(1): 91-96.

' 

U.S. Department of Agriculture. 1984. Herbicide 
background statement: Atrazine. In Pesticide 
Background Statements. Vol. 1.. -Herbicides. 
Agriculture Handbook.No. 633, pp. At—1 to At-99. 

U.S. Environmental Protection Agency. 1977. 
Silviculture and chemicals and protection of 
water quality. EPA 910/9e77-036. U.S. 
Environmental 

‘ Protection Agency, Region X, 

Seattle, Hashington.
' 

Véber, K., J. Zahradnik, VI. Breyl, and F. Krédl. 
1981. Toxic effect and accumulation of atrazine 
in algae. Bull. Environ. Contam Toxicol.. 
27: 872-876. 

Veith, G.D.. D.L. DeFoe. and B.V. Bergstedt. 1979. 

Measuring and ‘estimating the bioconcentration 
factor of chemicals in fish. J. Fish. Res. Board 
Can., 36: 1040-1048. 

Verschueren, K. 1983. Handbook of Environmental 
Data on Organic Chemicals. 2nd ed. Toronto: Van 
Nostrand Reinhold Co.



Mall,’ G.J., L.P. Hilding. and N.E. Smeck. 1978. 
Physical, chemical and mineralogical properties 
of fluvial' unconsolidated bottom sediments 
in northwest Ohio. J. Environ. 0ual., 
7(6): 319-325. . 

Hard. E.S., and L. Ballantine. 1985. Acute and 
chronic toxicity of atrazine to estuarine fauna. 
Estuaries, 8(1): 22-27. 

Hauchope, R.D. (1978. The pesticide content of 
surface water draining from agriculture 
fields--A review. J. Environ.) Qual., 7(4): 
459-472. 

'Mauchope, R.D., R.S. Myers. 1985. Adsorption- 
desorption kinetics of atrazine and linuron in 
freshwater-sediment aqueous slurries. J. 
Environ. 0ual.; 14(1): 132-136. 

Heed Science Society of America. 1983. Herbicide 
Handbook. 5th ed. Champaign, Illinois: weed 
Science Society of America. 

Héhtje, G., J.R.C. Leavitt. R.F. Spalding, 
L.M. Mielke, and J.S. Schepers.' 1981. Atrazine 
contamination of groundwater in the Platte 
Valley of Nebraska from non-point sources. Sci. 
Total Environ., 21: 47-51. 

Mehtje, G.R., R.F. Spalding, 0.C.. Burnside. 
S.R. Lowry, and J.R.C. Leavitt. 1983. Biological 
significance and fate of atrazine under aquifer 
—conditions. Need Sci., 31: 610-618. 

white, A.M., A.D.4 Barnett, _a.s. Wright, and 
— J.H. Molladay. 1967. Atrazine losses from fallow 

land caused by runoff and erosion. Environ. Sci. 
Technol., 1: 740-744. 

Hindholtz, M., S. Budavari, R.F. Blumetti. and 
E.S. Otterbein (eds). 1983. [he Merck 1nde;. An 
Encyclopedia of Chemicals, Qgggs agg 
Biologicals. 10th ed. Rahway, nan: Jersey: 
Merck and Co., Inc. — 

Horthing, C.R.. and S.B. walker.‘ 1983. cfbg 
Pesticide Manual. A world Compendium. 7th ed. 
British Crop Protection Council, Croydon. U.K. 

Mu, T.L. 1981. Atrazine residues in estuarine water 
and the aerial deposition of atrazine into the 
Rhode River, Maryland. Hater Air Soil Pollut., 
15: 173-184. 

Mu, T.L... D.L. Correll, and H.E.H. Remenapp. 1983. 
Herbicide runoff from experimental watersheds. 
J. Environ. 0ual.. 12(3): 330-336. 

Huu, K.D., and M.F. Grant. 1966a. 
effects induced by pesticides. 
Cytol. 8: 358. 

Muu, K.D., and H.F. Grant. 1966b. Morphological and 
somatic chromosomal aberrations induced 
-pesticides in barley (Hordium vulgare). Can. J. 
Genet. Cytol., 8: 481-501. 

Muu. K.D.. and H.F. Grant.’ 1967. Chromosomal 
aberrations induced by perticides in meiotic 
cells of barley. Cytologia, 32: 31-41. 

Radiometric 
Can. J. Genet. 

by .



Appendix 
Summary of Atrazine Residues found in Surface and Subsurface Waters
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Table A41. Summary of Atrazine Residues Found in Surface andisubsurface Haters 

Samplesxwith 

Five rivers draining agricultural areas in 
southern 0uebec (Yamaska River basin); 
sampling at river mouths April to December 
1974 and 1975.

' 

Hillman Creek drainage in southern Ontario 
(4500 ha); sampling between May 1973 and 
February 1975. 

Surface-water 

Surface water 

Not given/30 

320/360 
(atrazine) 
121/235 

(deethylatrazine) 

7.0-20.0 ng/g atrazine (October 1976) 

0.01-26.9 pg/L (atrazine) 
<0.01-1.34 pg/L 
(deethylatrazine) 

Range: 
Range: 

Monthly means: <0.02-5.0 ug/L 

Monthly means: <0.02-0.3 ug/L 

-atrazine/ 
samples 

Location and conditions Matrix collected Concentration Reference 

Canadian Studies 

Four corn fields in southern Quebec drained Tile-drain 23/23 Atrazine: 
V 

0.06-10.82 ug/L Muir and Baker, 1976 
by tile drains; field area 1.75 ha; Atrex water Dethylated atrazine: 0.36-7.71 ug/L 
.9ow applied at 2.8 kg/ha by spray on 6/6/73 Deisopropylatd 
-and 12/6/74; sampling from 26/5/73 to -atrazine 0.01-0.78 ug/L 
A22/12/74. 

Eleven agricultural watersheds in southern‘ Surface water 1073/1338 Mean atrazine and/or "Frank et al., 1978; 
Ontario ranging in size from 162 to 6671 Kmz; dethylatrazine: 1.4 ug/L: Frank and Sirons, 1979 
sampling between April 1974 and May 1977; Range: 

’ 

0-04—32.8 ug/L 
streambedisediments sampled May 1976-April 
1977. .Stream 4/22» 7.6-15.8‘ng/g atrazine (April 1977) 

sediments 8.2 ng/g deethylatrazine (April 1977) 

Muir et al.. 1978 

Roberts et al. 1979



Tabie A-1. Continued 

Sampies with 
yatrazinel 

sampies
V 

Location and conditions Matrix com1ected Concentration Reference 

Twenty-two Iarge and 28gsma11 tributaries Surface water Not given ‘Large tributaries Environment Canada: 
to the St. Lawrence River in Quebec and 24 
locations in the St. Lawrence River itseif. 

OE 

Atrazine 1986 
average: -o.42.u9/L 
maximum: 11.1 ug/L 

95% frequency of detection 
Deethyiated atrazine

' 

average: "0.I1 ug/L 
maximum: 2.00 ug/L 

75% frequency of detection 
DeisopropyTated atrazine 

average: 0.02 ug/L
' 

maximum: 0.52 pg/L 
V 52% frequency of detection 

Sma1T tributaries 
Atrazine 

-average: Dx35.ug/L 
maximum: 13.33 ug/L 

90%Afnequency«of‘detection 
Deethy1ated,atrazine 

average:fu0:08:ug/L 
maximum: 4;48‘ug/L 

76% frequency of detection 
Deisopropyflated atrazine 

average: below-detection 
maximum: T;63iH9/L 

48% frequency of detection
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‘Table A-1. ‘Continued 

Location and conditions Matrix 

SampJes»with 
atrazine/ 
samples 
co11ected ‘Concentration {Reference 

tflinety-two streams-draining into Great Lakes 
from Ontario; samp1es co11ected at stream 
mouths during Ju1y 1977. 

verand and Saugeen river basins, southern 
Ontario, samp1ing conducted 
May 1975-April 1977. 

Surface water 

Suspended 
so1ids 

Surface water 

Suspended 
so1ids 

ikiverbed 
sediments 

71/92 (atra- 
zine) 
48/92 (deethy1- 
atrazine) 
0/45 (atrazine & 
deethyiatrazine) 

15/24 (Grand) 
15/24 (Saugeen) 

0/22 

.0/8 

tneaniatrazinez 

‘St. Lawrence River 
Atrazine« 1 

average:. 0.04 ug/L 
maximum: 0.32 pg/L 

91% frequency of detection 
Dee1hy1ated:atrazine 

average: 0.02.ug/L 
maximum: 0.13_ug/L 

64% frequency of detection 
Deisopropyiated'atrazine«_ 

average: be1ow detection 
maximum:‘ 0a08 uglfl 

8% frequency of detection 

Frank. Sirons. et a1.. 
1979 

1.6 us/L 

Mean deethy1atrazine: 0.3 pg/L 

Detection Limit: o.d5 ug/L 

Atrazine and deethy1atrazine 
Range: <0.1-2.0 ug/L for Grand River 
Range: <0.1-1.5 ug/L for Saugeen Frank. 1981 

Not detected at 0.05 pg/g 

Not detected as 0.05 pg/g
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Table A-1. Continued 

Location and conditions Matrix 

Samples with 
gatrazinel 

samples 
collected Concentration ‘Reference 

Eleven agricultural watersheds in southern 
Ontario ranging in size from 162 to 6671 kmz; 
sampling between May 1975 and April 1977. 

well waters in southern Ontario sampled 
from 1969 to 1978. 

well waters in southern Ontario sampled in 
1985. 

Haterworks in southern=0ntario at which raw 
and treatedldrinking water sampled for 
atrazine in 1985. Nine locations for raw 
water. 8 locations for treated water. In 
addition. 351 private wells were sampled. 

Forty-two domestic and municipal wells 
sampled for atrazine in 1986; 25 water- 
works supplied by surface water sampfled 
for atrazine in raw and treated drinking 
water. 

Surface water 

Ground water 

Ground water 

Raw drinking 
water 

-treated 
drinking water 

Ground water 

Ground water 

Raw drinking 
water 

Not.given/949; 
-atrazine in 
80.4% of samples 
in«1975-76: 
present in 80.0% of 
samples in 1976-77. 

50/393 

87/1843 

47/120 

26/111 

169/1881 

31/42 

263/422 

1975-76: overall mean = 1.1 ug/L 
’ maximum value = 31.7 ug/L 

1976-77: overall mean = 1.6 ug/L 
maximum value = 32.8 ug/L 

Range: 0.1->10_000 ug/L 

7 wells had atrazine above 46 ug/L 
(the interim guideline for maximum, 
acceptable concentrations) 

Maximum concentrations 6.4 ug/L (as 
atrazine &=deethylatrazine)

‘ 

Maximum concentration 4.3 ug/L (as 
atrazine & deethylatrazine) 

6 wells with >46 ug/L; 
146 wells with <9.2 V9/L; 
17 wells with >9.2, <46.ug/L 

Atrazine-range: UL14-4.2 ug/L 
Deethylatrazine range: 

Atrazine range: 0.05-29.4‘ug/L 

0.11-7.6 ug/L
_ 

Frank et al.. 1982 1 

Frank, Sirons, and 
Ripley, 1979 

Ripley et a1., 1986 

‘Ontario Ministry of 
the Environment, 
1987a 

~0ntario Ministry of 
‘the Environment, 
1981b.
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Table A-1. -Continued 

Samples'with 
atrazine/ 

- samples 
Location and conditions Matrix collected Concentration Reference 

Treated 114/150_ Atrazine range: 0.05—37 ug/L 
drinking water 

Ninety-one wells from farms on mineral soil Ground water 
' 

11/91 Range 0.1274 pg/L Frank. Cle99. et al., 
across southern Ontario, samples collected V 

’ 

1987 
in 1984. 

U.S. Studies 

fsmall agricultural watersheds in western Surface water Not given 4.91-1.1 mg/L in water Ritter et al., 1974 
Iowa ranging from 0.53 to 1.5:ha; atrazine 
applied as wettable powder by spraying at 
12.24 kg/ha in 1967 and 1968. In 1969 and 
"1970 atrazine applied at 3.36 kg/ha. A 
comparison of runoff from surface-contoured 
and ridged watersheds; 10-15% slope. 

20-m2 plots in Georgia. plowed and harrowed 
one week before atrazine application as 80% 
wettablezpowder at 3.36 kg/ha. Overhead 
nozzles simulated rainfall intensity of 
6.4 cm/h for 1 h. 

Fourteen 404m? plots.in Pennsylvania 
with 14% sflopegplantedsto corn. Atrazine 
applied as 80%~wettable,powder at 7 rates (9, 
0.6. 1.1..2.2.:4.5, 6.7.'and:9.0~kg-ai/ha. 

runoff from 
.treated fields 

Surface water Not given 
runoff from 
treated plots 

Surface water Not given 
and suspended 
solids runoff 
from treated 

7.3s41.77rmg~kg'1 in sediment 

For atrazine applied 1 h before rain: white et al., 1967 
7.94 mg/L for 1.3 cm rainfall 
2.54 mg/L for 3.2 cm rainfall 
1.39 mg/L for 6.4 cm rainfall 

For atrazine applied 96 h before rain: 
3.66 mg/L for 1.3 cm rainfall 
1.13 mg/L for 3.2 cm rainfall 
0.62 mg/L for 6.4 cm rainfall 

First run samples collected=23 d after _Hall et al., 1972 
application ranged from 0.3 mg/L 
(0.6 kg/ha) to 4.68 mg/L (9.0rkg/ha) 
in water. Atrazine in suspended solids
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’Tab1e A—fi. Continued 

Sampies with 
atrazine/ 

4 
sampies ?;~& 

Location and conditions . Matrix co11ected «Concentration Reference 

Pit bottom . 13/40 Mean = 47.1 pg/kg 
soil Maximum = 132;5 ug/kg 

0.4-3.5-ha exper1menta1 watersheds in Runoff water Not given (NT)3.36 kg/ha,-51 d post-application. Trip1ett et a1., 
eastern Ohio. ’Atrazine broadcast at rates produced no detectabie atrazine; 1928a. 1978b 
from I.12~tof3.92 kg/ha; First runoff 
events samp1ed; No attempt made to (C)2.24.kg/ha, 2 d post-app1ication. 
determine atrazine in runoff suspended produced Ohio mg/Li 
soiids; :Study to compare atrazine in runoff 

‘ 
'

V 

from conventiona]%(C) and no-ti11age (NT) (NT)1.68 kg/ha. 4 d post-app1ication, 
fig; 

corn fieids. Limit of atrazine detection produced 0.34 mg/L; 
‘was 10 pg/L. 

"(NT)1.12 kg/ha; 10=drpost-application, 
produced 0.2 mg/L; 

(C)3.92 kg/ha, 1 d post—app1ication,' 
produced 0.48 mg/L; 

(NT)1.68&kg/he, 87 d post-app1icat1on. 
produced no detectab1e atrazine; 

(C)1.12'kg/ha, 20‘d post-appwication. 
produced 0.13 mg/L; 

(NT)1.12.kg/ha, 37 d post-app1ication, 
1 

’ 

Aproduced‘gg detectab1e atrazine; 

(NT)2.24 kg/na.'37 d:post-appiication, 
produced 0.11=mg/L;
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Table A-1. Continued 

Sampies-with 
atrazinel 

. 

V 

samp1es 
_

_ 

Location and conditions Matrix collected _- Concentrations Reference 

(NT)1.79 kg/ha. 31 d post-app1ication, 
produced 0.14 mg/L.

' 

2025aha_watershed in Nebraska. Atrazine Water from Not given June 18, 1975: 16.43 pg/L average Schepers et a1., 
applied to corn and sorghumsfields in May naturai drain- — of 4 sampies: 1980 
and ear1y June. Atrazine in water resulted ages through 1May 25, 1976: 14.00 ug/L average 
from previous app1ications. no carry-over out the water- of 6 sampies: 
from year to year. Study carried out under vshed "June 1, 1977: 23.93 ug/L average 
drought conditions. App1ication rates not of 10 samples. 
given. 

Four 27-m2 plots with 3% s1ope in 0regon: Surface water Not given Un1imed, 12 h. range: 0.3-0.9 mg/L Gaynor and Voik, 
rototi11ed to a depth of 15 cm. Lime at runoff from Un1imed.58 d. range: 0.2-0.5 mg/L 1981 
11.2 t/ha rototi11ed into 2 piots. plots Limed, 8 d. range: 0.0.3 mg/L 
Atrazine applied 2 weeks later at- (no runoff from 1imed, 12Ih.p1ots) 
at 3.6~ka-ai/hal as 80% wettabie powder. ~

. 

‘Hater appmied to plots 12%h and 8 d at isurface runoff Uh1imed. 12 h. range: 0.-mg/kg 
rate of 3.1 cm/h (total 7 cm) post-atrazine solids from Un1imed. 8 d. range: g6.2a35.7‘mg/kg 
treatment. — 

- .p1ots Limed, 12 h. range: 0 mg/kg 
' Limed,‘8rd, range: 0-2.8 mg/kg 

Nine 40-m2 plots in Pennsy1vania with 14% P1ot runoff Not given Preemergence application: Haii et a1., 1983 
slope, rototiiled at 12 cm. Corn pianted 
with andewithout.oats asfa strip crop at 
the siope base. Atrazine appiied pre- 
emergence at 2.2 and 4.5 kg[ha and pre- 
piant incorporated at 2.2 and 4.51kg/ha. 
Atrazine concentrations presented in 
graphic format of such_sma11 size that 
individuai concentrations cou1d not 
be identified. 

water 2.2 kg/ha produced 3.53% 1oss 
from non—stripped piots and 0.33% 
1oss from stripped plots. 
4.5 kg/ha produced 1,13% loss from 
non-stripped'p1ots 
from stripped piots. 
Prep want incor oration: 
2.2 kg/havproduced 0.94% loss from 
non-stripped p1ots and 0.33% loss

~ ~
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Table A-1. Continued 

Samples.with 

Maryland. one planted usinglconventional 
tillage (CT) procedures-(contour ploughed. 
disc-harrowed and cultipackedn and the other 
using no-till procedures (NT). CT watershed 
was 0.37 ha. 6% slope; NT watershed was 
0.27 ha. 7%-slope. Atrazine applied pre- 
emergence at 2.2 kg-ai/ha to both watersheds 
imediately after planting in 1979, 1980. 
1981, and 1982. 

from fields 

Note: no sur- 
face runoff 
from NT water- 
shed 3. 13, 21, 
26 August. 

Note: no sur- 
face runoff from 
NT watershed in 
June or July 

atrazinel 
samples 

Location and conditions ‘Matrix collected Concentration Reference 

from stripped plots. 
4.5 K9/ha produced 0.85% loss from 
non-stripped plots and 0.15% loss 
frm stripped plots. 

16.4-ha watershed in Maryland coastal plain Surface drain— Not given 1976 range: 0.04-13 pg/L Hu et al., 1983 
used as cornfield. Atrazine applications age in natural 1977 range: .0.1-4.0 ug/L 
éwere May 7, 1976 (1.7*kg/ha). May 14, 1977 * channels 1978 range: <01-4.0 ug/L 
(1.0*kg/ha). and May 25, 1978 (1.0 kg/ha). 

A 

Two separate cornfield watersheds in Surface runoff‘ Not given 1For atrazine applied 4 June 1979: Glenn and Angie. 
18 June — 1332 ug/L(CT), 975 pg/L(NT) 1987 
16 July — 426 u9%L(cF). 226=ug/L(NT) 

.’3 Aug. - 83-pg/E(CT) 
13.Aug. — 23 ug/L(CT) 
21 Aug. - 10 ug/L(CT) 
26 Aug. - 7 ug/L(CT) 
28 Au9- - 5 #9/L(CT). 3 H9/L(NT) 
6 Sept. - 9 ug/L(CT), 14 ug/L(NT) 
24 Sept. - 9 ug/L(CT), 6 ug/L(NT) 
1 Oct. — 6_ug/L(CT), 4 N9/L(NT) 
3 oct.-— 16 ug/L(CT), 4 ug/L(NT) 
9 Oct. -05 ug/L(CT), 0.7 ug/L(NT) 

For atrazine applied 11 May 1981: 
8 June - 47 ug/L(CT) 
22 June - 28 H9/L(CT) 
2 July - 14 ug/L(CT)
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Tabie A-1. Continued 

Samp1es,with 
atrazinel 
sampies 

Location and conditions Matrix coT1ected Concentration Reference 

Note: no 
_ 

For atrazine appiied 14 May 1982: 
surface runoff 20 May - 60.2 ug/L(CT) 
from NT water- 24 May - 22.0 ug]L(CT) 
shed in May or 13 June - 5.0 ug/L(CT) 
June .~ 17 June - 2.6‘ugIL(CI) 

Ten piots in Ohio (average surface area Surface runoff »Mot given 1974: atrazine beiow 10 H9/L for both Rohde et a1., 1981 
0.02 ha/piot) each equipped with earthen 

‘ treatments after 7 d and zero 
borders. surface interceptor gutters, after 23 d. 
flume and tanks for measuring and sampiing 1975: atrazine_maximum of 290 M9/L 
surface runoff. Atrazine appiications of from 2x treatment and 99 ug/L from 
4.48 kg/ha to 4 piots (2x treatment) and 1x treatment 10 d after app1ica- 
2.24 kg/ha to 5 plots (Ix treatment); tion. 26 d after application 
applications in 1974 and 1975. atrazine concentrations of 

35? us/L (2x) and I14 H9/L (Ix): 
concentrations decreased to 
zero after 68 d. 

Fourteen Tocations throughout midwestern River water Not given Atrazinewnesidues peaked in-June and Newby and Tweedy, 
U.S. for atrazine residues in Mississippi .JuJw in range 2-17 ug7L andicontinued ‘1976 

River and major tributary streams. 'to be detectabie in most streams in 
‘remainder of year'at;generam1y.be]owi 
1 pg/L. No nitrosoatraiine residues 
couid be detecteda(detection Timit = 

0.1 ug/E). 

Maumee River basin, Ohio. Filtered stream Fiitered river » Not given Bianchard River: 1.8 mg/L H311 et a1.. 1978 
water§samp1ed’and bottom sediments. water -Augiaize River: 0L3fmg/L 

Maumee River: 4.8 mg/L



Tab1e A»1. continued 

Samp1es with 
atrazinel 

— samples 
Location andéconditions ' Matrix co11ected Concentration Reference 

.iBottom sedi- ?/21 BJanchard¢River: <0;01-0:03 pg/g 
ment Augflaize River: <0,O1Aug/g V 

Maumee River: <0.01-0.02 ug/g 

Fifty-eight Jake monitnring sites, 19 raw Surface water 43/? Large lakes (440e6400 surface ha) But1er and Arruda. 
drinking water supp1y lake sites in Kansas. Mean: 4.8:ug/L 1985 

Range: 1.4-23:0 ug/L 
\ 

.
. 

1 

’ 

Surface water 5/? SmaT1 Iakes (10-300 surface ha) 
\ 

Mean: 2.0\ug[L 
1 g. Range: 1 .2-2-.8: yg/L 

Surface water 4/? Mater-supply 1akes:(1983 survey) 
Range; ;1,4—4.0‘ugIL 

Treated water_ .101?‘ Range; .1.2-4,8rugfL 

Surface water LNot given Hater supply Iakes (1984 survey) 
_ 

Range: 2.1-16.0 ug/L 
Treated water ‘Not given Range: 3;1-9:5 pg/L 

Sma11 agricuJtura1 drainage in north- Surface water 0/7 Limit of detection: 100 pg/L Dud1ey and Karr, 
eastern Indiana_(B1ack Creek watershed). Limit of detection: 100 ug/kg 1980 

Sediment 0/14' Lower Iimit of detection: 
. 100*u9/kg 

Fish »D/18 

Surface. subsurface. and finished waters ,Surface-water .16/I8 
R Range: O.16A12.0 ug/L RR1chard et am., 

in Iowa. 1974 (South Sunk 
River) 

1975
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Table A-1. .Continued. 

Samples with 
atrazine/ 

. 

sampies
_ 

Location and conditions 
‘ 

Matrix co]1ected Concentration ' Reference 

(Indian Creek) 15/15 Range: 0.163-42:0 ug/L 

(drainage: is/15 Range: 0.132-9:0 ug/L 
ditch)"

' 

(Des oines Not.given ‘Mean: 0.211 ug/L 
River) Range: 0.050-0:800 ug/L 

(Raccoon Not given Mean: 0.814‘ug/L 
River) Range: 0.120-3.3 pg/L 

(Red Rock Not given Mean: 0.813 ug/L 
Reservoir) Range: 0.060-2.5 ug/L 

(Red Rock Not given Mean: 0.921 ug/L 
Reservoir) %Range: 0:100-1.90'ug/L 

(Rathbun Not given Mean: 4;094?ug/L 
Reservoir) (Range: 0;20749.40vug/L 

(Rathbun Not given Mean: (1.285 pg/L 
Reservoir) (Range: 0:165-3.750 ug/L 

(CedariRiver) 
_ 
1/1 a.35vug/u 

(Iowa River) I/1 (3;00'ug%L 

(Skunk River) 1/1 0:05~ug[L 

(Mississippi 2/2 0.1 and 0.331 pg/L 
River)



. 
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Tabie A-1. Continued 

Samples with 
atraiinel 

_ 

samples 
»Location and conditions Matrix co11ectede Concentration Reference 

(Gremore Lake) 1/1 0.190 ‘ug/L 

(Missouri 1/1 0.08 ug/L 
River) 

(Farm pond) 1/1 =0.90 ug/L 

Finished water 
from subsurface 
raw water for 
the cities 

(Cedar Rapids) ‘Not given v0.483 uglL 

(Marshailtown) ‘Not given 0. 06 ug/L 

(oskaioosa) Not given 0.014 ug/L 

(Hater1oo) Not given 0:004 pg/L 

(Iowa Fa11s) Not given <0.001 ug/L 

(Sioux City) Not given <0.001 pg/L 

Finishediwater 
from surface 
raw water for 
the cities 

- (Davenport) not given 0.405 ug/L"
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Tab1e A-1. Continued 

Samp1es.with 
atrazinel

b 

samples 
‘Location and conditions Matrix ‘ co11ected* Concentration‘ Reference 

(Iowa City) Not given 0.200 ug/L 

(Des Moines) Not given 0.029 ug/L 

7.4 km2 Mahantango Creek.uatershed in Ground water 28/38‘ 22 samples ranged fromi Pionke et a1., 1988 
centrai Pennsy1vania. Land use about «0.013.to I.110»u9/L V 

57%-crbp1and, 35% forest, and Bxgpasture. v6 sampies ranged from 
20 veils sampled 10-20 Dec. 1985 and 0.003 toi0;009 ug/L 
18-28 Aug. 1986. vSpring:samp1ed 13 Feb. 10.sampflesAbeJow detection 1imits. 
and 21 Aug. 1986. of 0.003 ug/L 

Fieid (size not given) in the centrai Ground water Not given Range: 0.2-0.8 pg/L Hehtje.et a1.. 1981 
Piatte River va11ey of Nebraska. 
Atrazine appiied at 4.4 kgiha at 
beginningjof I979 growing season.‘ 
Appmication~reduced.to~2;2wkg/ha.during 
1980. Fieid received 4422 cm of water 
(irrigation'and;precipitation)'during 
1979 and 1980» 4Samp1es takenzfrom 
observation we11s down gradient from fie1d. 

thirty monitoring weT1s. central Piatte: Ground_water 116/I16 Terrace veils: 
River vaflfley of Nebraska, 16=on;terrace, ‘ 

14 in bottomflanda Sampfles from?a¥1 weims 
co11ected 4 times: Aprii 8:10. June 11-19, 

‘ October 13-15, 1980;, and Aprfi 27-28; 1981. 

April range: 0:01-8.29 ug/L 
vJune+range;" 0.03-I.56:ug/L 
0ct, range; 0.0T-T.51.yg/L 
April range: 0.0T-r.05.ug/L
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Iable Aal. Continued 

Samplesiwith 

Parsons: West Virginia; Potsdam; New York. 

vatrazinel 
samples g_w 

>hocation and conditions Matrix collected Concentration Reference 

Bottomland wells: 
April range: 0:02-2.76,ug/L 
June range: 0:01-0.86_ug/L 
Oct. range: 0:02-1.98 pg/L 
April range: 0.01-0.28 pg/L 

Thirty-five monitoring wells, central Platte Ground water 64/? 6 terrace wells: Junk et al., 1980 
Rivervalley of Nebraska, 6 wells on terrace June range: <0.01-0.38 ug/L ' 

.in principal aquifer; 4 terrace and Sept, range: 0.05-2;66‘ug/L 
bottomland wells in secondary aquifers; 10 A

' 

bottomland wells in principal aquifer and down 
gradient from irrigated cropland; 15 bottomTand* V4 terrace and bottomland wells: 
wells in principal-aquifer where influenced June range: <0.0140:02fiug/L 
byIPlatte River and near pristine Sept. range: <0.01-0;0Ziug[L 
conditions exist.

' 

I0 bottomland wells down gradient 
fromzcropland: 
June range: <0.01-1.09 ug/L 
Sept; range: <0.01-88.36'ug/L 

E5 bottomland wells - near pristine 
aconditions; ' 

Sept range: 0.01-0.27 pg/L 

2848 km? agricultural land in southeastern Ground water ‘13/47 Range: Dgol-1.2 ug/L Exner and Spalding. 
Nebraska; household and livestock watering Average: <0.08.ug/L 1985 
wells. 

Tiffin. Ohio; West Lafayette, Indiana; Rainwater 8/14 0;}->I.0 pg/L Richards et al., 
'(Indiana) 

‘ 
’ 

I987
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Table A-1. Continued 

'Samples-with 
atrazinel 

A 

- samples
b 

Location and conditions Matrix collected Concentration Reference 

’ 
(0hio) 14/24 <0.1s>1.0 ug/L 

(West Virginia) I1/20 <0.1-0.5 pg/L 

(New York) 10/21 <0,1->1;0.ug/L 

Estuarine water samples from Rhode River Surface water Not given 60%-of samples at 0.01-0.10 ug/L; Hu, 1981 
(Chesapeake Bay), Maryland. Rainwater and (surface layer atrazine in surface layer 
dry precipitation collected on top of tall and subsurface) 0.01-1.0 M9/L, with 50% samples 
building (Edgewater, Maryland). Collections >0.1 pg/L; range: 0.003-2.19 ug/L. 
made in 1977 and 1978. 

Bulk ?/68 January to April 1977 samples ranged 
precipitation 1 from 0.003 to 0.97 ug/L. Maximum 

atrazine concentrationloccurred in 
May (2.19 ug/L). 

Twenty sampling sites in Quebec. 1977 Surface water 66/75 Maximum: 4.5 pg/L M. Wong. 1987, 
to 1981; locations unknown. 

' 

Mean: 0.126 ug/L 
V 

Hater~0uality Branch. 
Detection limit: 0.02 ug/L Environment Canada; 

pers. com. 

Nineteen sampling sites in Quebec, 1977 Surface water 5/63 .Maximum: 0.30 uglL 
to 1981; locations unknown.- 

1 ‘ 

Mean: 0.26 pg/L 
' 

Detection limit: 0.02 pg/L 

Twenty sampling sites in-Ouebec; 1977 =Maximum: 1.50'ug/L 
to 1981; locations unknown. 

Surface water 38/75 
tMean: 0;551ug%E

_ 

Detection limit: 0:02 ug/L
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Table A-1. Continued 

;provinces. 1985 to 1986. 

Twenty-four rivers or lakes that empty into 
the St. Lawrence River, Quebec. July 1977 
to June 1978; Maximum concentration at 
Port du Quebec: 

-The mouths of 20 large tributaries of the 
St. Lawrence River, May to Sept. 1976. 
Maximum concentration at Riviere Rigaud. 

The mouths of 29 small tributaries of the‘ 
St. Lawrence River. July to August 1976. 
Maximum concentration at Riviere Marguerite. 

Fourteen sampling sites in the St. Lawrence 
River and Lac Saint-Pierre. Maximum 

iconcentration at Riviere Vamaska. 

‘Mitchells Bay water treatment plant. 

Stony Point water treatment plant (July 2 to 
Nov. 4. 1985)a 

Surface water 

Surface water 

Surface‘water 

‘Surface water 

Raw-surface 
water 

Treated water 

Rawisurface 
water 

Treated water 

Not reported 
(91% frequency 
of detection) 

Not reported 
(95% frequency 
of detection) 

Notlreported 
(90% frequency 
detection) 

31/31 

0/1 

0/1 

0/2 

0/1 

Samples with 
-atrazine/ 

. samples 
=Location and conditions Matrix collected Concentration 

'Ihirteen sampling sites in the prairie Surface water 5/72 Maximum: 0.40 pg/L 
Mean: 0.107 ug/L 
Detection limit: 0.10 ug/L 

Maximum: 0.32 pg/L 
Mean: 0.04 pg/L 
Detection limit: 0;02 ug/L 

Maximum: 11.0 pg/L 
Mean: 0.42 pg/L 
Detection limit: 0202 pg/L 

Maximum: 13.33 pg/L 
Mean: 0.35.M9/L 
‘Detection limit: 0.02 ug/L 

Maximum: 5.10 pg/L 
Detection limit: 0.02 ug/L 

Detection limit: 0.05 ug/L 

Detection limit: 0.05 fig/L 
' 

Detection limit’: 0.05 ug/‘L 

Detection limit: 0.05 ug/L 

Environment Canada. 

I. Cornish. 1987. 
Agricuiture Canada;
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Table A-1. Continued 

Location.and conditions Matrix 

Samp1es_mfith
V 

atrazine/ 
sampies 
co11ected oconcentration» Reference 

Ha11aceburg water treatment pflant (Ju1y 3 
and Oct. 7, 1985). 

Ha1po1e Island water treatment piant 
(NOV. 5, 1985). 

Aowindsor water treatment p1ant (Oct. 21, 
1985). 

Munic1pa1 sources in.Ontario'(80) and 
A1berta (15):»faT1 of 1986. 

Quebec, Oct. 1984 and Ju1y 1985. 

Rurai private veils in Ontario. 1979 to 
1984. 

Rawisurface 
water 

Treated water 

Rayasurface 
water 

Treated‘water 

Raw surface 
water 

Treatedfwater 

Unknown 

Ground water 

Groundowater 

0/2 

0/2 
x 

0/1 

0/1 

0/1 

0/1 

=3/95 

10/24 

571150 

Detection 1imit:~O;O5 ug/L 

Detection 1imit: 0.05 pg/L 

Detectionr1imit:»OsO5'ug/L 

Detection 1imit:*0.05 ug/L 

Detection limit: 0.05‘ug/L 

Detection limit: O;O5 ug/L 

iMaximum:'1.8 ug/L 
Detection Timfitz 1 pg/L 

Detection 1imit:~O;1uug/L 

K.J; Kjartanson. 1987. 
Environmenta1 Contro1 
Services. Manitoba 
Environment and 
MonkpTace Safety and 
Hea1th. pers. com. 

J. Vachon, 1985. 
Ministry of the 
Environment, Government 
of Quebec. pers com. 

Frank; c1egg. et a1.. 
1987
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17abs1e~ A-1,. rcontkiinued 

Sampies with 
atrazinel 
sampies 

Efiocation and conditions. Matrix coiflected Concentration Reference 

1Harrow,:0ntario. Raw water 0/1 Detection iimit: 0.05 ug/L D. Maroontate. 1985, 
Ontario Ministry of 
theiEnvironment. 
pers. com. 

Ireated‘water 0/1 Detection iimitz 0105 ug/L 

288 private we11s in Ontario, 1985. ¢Ground water 180/491 Maximum: 1200 ug/L Regional Director. 
Detection Iimit: pg/L Ontario Ministry of 

the Environment 1986, 
pers. com. 

»Amherstburg water treatment piant, 0ct,.28;‘ r*Raw water 0/1 iDetection Iimit: 0.05 ug/L Ontario Ministry of 
1985. Treated water Detection Iimit: 0.05 ug/L the Environment. 1986 

:E1even canning faciiities in Nova Scotia. Unknown 
V 

3/11 Maximum: 0.8 ug/L M. Shreve, 1986, 
June 1986. .Detection 11mit: 0.04 ug/L Soi1s and crop Branch. 

Nova Scotia Department 
t 

of Agriculture and 
Marketing, pers. com. 

Farm we11. Prince Edward Island. Ground water 1/1 .Maximum: 70.0 pg/L P.E.I. Department 

Nine water treatment p1ants~on St. Lawrence 
River,.June to July 1977. 

Raw and 
treated water 

Not reported 
(83% frequency 
of detection) 

Maximum:10.10 ug/L 
Mean: 0u03~ug/E 
Detection Iimit: 0.02 ug/L 

of Community and 
Cuiturai Affairs, 
1985 

rEnvironment*Canada. 
‘Hid. ‘



Table A-1. Continued 

Samp1es‘with 
atrazinel 

. 

_ 

— sampies 
Location and conditions Matrix 

_ 

coliected Concentration - 

' 

Reference 

Quebec municipaiities. Feb. 1986. Raw water 12/17 Maximum: 0.137 ug/L Government of 
- 

V Detection iimit: 0.025 ug/L Quebec. 1987 
Freated water 11/16 

' 

Maximum: 0.129 ug/L 
»Detection iimit: 0.025 ug/L

f 

Quebec municipalities. July 1986. Raw water 15/18 V;Maximum: 1;202 ug/L 
Detection:11mfi¢: 0.025 ug/L 

Treated water 13/181 »Maximum: 0.783 ug/L 
- Detection limit: 0.025 ug/L



Appendix 
i Summary of Atrazine Toxicity Data for Aquatic Organisms



IS 
:1!95% confidence iimits in parentheses. 

mabie B-1. Sumaryxof Atrazine Toxicity Data for Aquatic Organisms 

Organisms; Chemicaw or Exposure Effectsl Comments .Reference2 
fonmuflation time 

VERTEBRATES 

Rainbow trout Atrazine= 96 h LC5o = 4.5 mglL (3.5 Static test. Bathe et a1.. 1976 
_(Sa1morgairdneri) (Technica1) to 5.7 mg/L) 14 1 2°C. NR. 

« Avg..pH = 7.2 

B1uegi11‘ Atrazine 96 h LC5o >8.0 mg/L F1ow-through test. Macek et a1., 1976 
19 1 1°C. M. 
Fish darkened and 
stressed at 1.4 mg/L 

($229215 meszesnirus) 

‘Note: 
2 Fromfuus. Department of Agricuiture (1984) with additiona1 data from: 
Ashton et a1.. 1966. . :NOEL = no-observed-effect 1eve1, 
=Bbger and Schiue, 1976 

' 

» M ==Concentrations of atrazine measured in test tanks 
Burre11~etTa1., 1985 NR = Presence or absence of test tank measurements 
Gram1ich and:Frans. 1964 not reported. assumed to be unmeasured. 
Hartman and.Martin, 1935 
Ho1Fister and Ha1sh. 1973 
Johnson, 1986 
Kratky and Warren, 1971 
Larsen et-a1., 1986 
.Mayasfich et a1.. 1986, 1987 
Mi11ie and Hersh, 1987 
Stratton. 1984 
Thomas et a1..»1973 
Forres and 0'F1aherty. 1976 
’Turbak et a1.. 1986 
Véber et a1.. 1981 
‘Hard and Balflantine. 1985
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Table B-1. Continued 

(Salve1inus fontinaiis) ‘mg/L‘not affected in 
parental survival, 
eggiproduction, and 
hatchabiiity. Growth 
and survival of fry 
were reduced with 90-d 
"exposure to 0.72,.0.4S 
and 0.24img%E. 

‘Organisms Chemical or‘ Exposure Effectsl Commentsu Reference? 
' formuflation time ‘ ' 

Brook trout Atrazine 96 h LC5g = 6.3 mg/L F1ow-through test. Macek et a1.. 1976 
(Sa]ve1inus fontina1is) 

» 

(4.1 to 9.7 mg/L) 13 1 1°C. M. 
A 9 - Fish darkened and 

stressed at 1.4 mg/L 

Fathead minnow Atrazine 96 h LC5o =-15 mg/L Flowethrough test. Macek et a1.. 1976 
(Pimeghafles prome1as) (11 to 20 mg/L) 19 1 1°C. M. 

‘ :NOEL = 8.0 mg/L Fish darkened and 
stressed at 1.4 mg/L 

B1uegi11 Atrazine 28th Fish exposed to 0.5 Fiow-through test. Macek et a1.. 1976 
(Lepomis macrochirus) mg/L became lethargic, Toxic effects dose- 

vfed poorly. partia11y re1ated. M. 
10st equilibrium. 

Fathead minnow Atrazine 96th 3- to 5-d¢oJd fry Static test. 
cPimepha1es promelas) exposed tor0.52,mg/L Mortality dose- Macek et a1..‘1976 
(fry) had 25%.mortamity. “e1ated. M. 

Brook trout Atrazine 44 wk Fish exposed to 0.72 M. Macek et aJ.. 1976
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Tab1e:B-w. Continued 

Organisms 'Chmica1 or Exposure. Effects1 Comments Referencez 
» formuiation time 

_Ra1nbow trout; reesaprim 48ih LC5o = 30 mg/L Static test, Litchfieid and Hiicoxon, 1949 
(Sa1mo gaidneri) (80% wettab1e 96gh 

_ _LC5g = 17 mg/L 14 1 2°C. 
mowder) ' 

Crucian carp Gesaprim 48 h LC5o =’100 mg/L Static test. Bathe et a1.. 1975 
(Carassius carassius) (80% wettable 96 h LC50 = 100 mg/L 14 1 2°C. M. 

powder) 
0

a 

Batfish Gesaprim 48 h L050 = 37 mg/L Static test; Bathe et a1., 1975 
(lctalurus meias) (80% wettabfle 496 h L050 = 35 mg/L 20 1 2°C. M. 

powder) - 

Perch Gesaprim 48 h 'LC5o =-80.mg/L Static test. Bathe et a1., 1975 
(Perca sp.) (80% wettabie 96 h LC5o = 50 mg/L 2041 2°C. M. 

powder) - 

Bluegili Atrazine 96 h LC50 approx. 6 mg/L Haiker, 1964, cited in Lorz 
¢Legggis'macrochirus) (wettabie 

' 

et a1., 1979 
powder) 

coho saimon AAtrexR 144 h Concentration when survivors— Lorz et a1., 1979 
(oncorhxnchus kisutch) dependent mortaiity 

in fresh-water with 
0% mortaiity at 
5;mg/L, 5%-mortality 
at 8 mg/L, and 25% 
mortality at 15 mg/L. 

transferred to 
‘seawater for 244 h, 
those previously‘ 
exposed to 5 mg/L 
had 6% mortaiity; 
those exposed to 
15 mgifl had 25%- 
mortaiity.
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Table 841. Cohtinued 

Organisms .«Chemica1 or Exposure . Effectsl ‘Comments. Referencez 
- formu1ation time * '

' 

B1uegi11 Atrazine 18 mo Fish exosed to M. *Macek et a1., 1976 
(Lepggis macrochirus) 0.095 mg/L not 

affected in survive}, 
growth, or hatching. 

Fathead minnow Atrazine 43 wk Fish exposed to M. vMacek et a1.. 1976 
(Pimephaleas grome1as) 0.213 mg/L not~ 

’ 

affected in surviva1, 
growth, and spawning. 

Ra1nbow.trout Atrazine 48 h LC5o = 12.6 mg/L U.S. Department of the 
(salmovgairdneri) ‘ Interior. 1968, cited in 

Pimentel, 1971- 

Hariequin fish 
_ 

Atrazine 24 h LC5o = 0.55 mg/L Alabaster. 1969. cited in 
(Rasbora heteromorpha) Pimentei. 1971 

Spot Atrazine 48?h. No effect at 1.0 mg/L NR. But1er, 1965 
(Ego.-°»t_°n£§ 2<L'c'My_s;)

’ 

;B1uegii1 Atrazine '96 he ILC5o = 15 mglL vstatic test. -K1aassen.andxK§doum. 1979. 
(ggpggjg-gggggghjggg) cited in Spehar et a1.. 1981 

B1uegm 
’ 

_Atraz-ine 12 d. No.morta:1?it_y at =NR. Hi‘|tt"IbranA.»1967‘ 

(Legggis macrochirus) 
‘ 

’10 mg/L 

B1ueg111 Atrazine 12 d No.mortafldty at INR. vH11tibran. I967 
(wettable “E5 mg/L ' 

~
» (Legggis macrochirus) 

powder)
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Tabfl£.Ba1. Continued 

Organisms. ;Chemica1 er Exposure Effectsl Commehts Reference2 
A 

formu1at1on time 

1B1ueg111 Atrazine 81d ‘No mortawity at INR. H11tibran. 1967 
(Legggfisfimacrochirus) (granu1ar) ’10=mg/L 
(fry) 

Green sunfish Atrazjne 8 d No morta1ity at 'NR. H11tibran, 1967 
(L.emm'_s amt’-1_1£) (gramflar) 11 m9/L 
(fry) — 

Lake chubsucker Atrazine 8 d No morta1ity at NR. Hi1t1bran, 1967 
(§:1mxggn_§ggg;;g) (wettable powder) 10 mg/L 
(fry) 

'Sma11mouth bass Atraz1ne- 72 h Fish died within ' NR. H11tibran. 1967 
(Microgterus do1omfleui) (wettab1e powder) 3 d when exposed 
(m) to T109-mg/L. 

Rainbow trout Atrazine 48 h LC5o = 10 mg/L 14 1 2°C L1tchfie1d and Hi1coxon. 1949. 
(§g1mg ggjgggggj) 

’ 

96rh Lcgg = 8.8 mg/L cited in Bathe et a1.. 1975 

Crucian carp Atrazine 48eh LC50 = 100 mg/L. 14': 2°C Litchfield and Hi1coxon. 1949. 
(carassiusvcarassius) 96 h LC5g = 76 mg/L cited in Bathe et a1.. 1975 

Catfish Atrazine 48‘h LC5g = 8 mg/L 20 1 2°C L1tchf1e1d and H11coxon, 1949, 
(Icta1urus melas) 96 h=. .LC5g = 7.6 mg/L cited 1n‘Bathe et a1., 1975 

Perch Atrazine 48 h LC5fi =>21 mg/L 14 1 2°C L1tchfie1d and Hilcoxon. 1949, 
(Perca sp.) 96 h hC5o = 16 mg/L cited in Bathe et ai.. 1975 

Guppy Atrazine 48 h" Lc5g = 10 mg/L 20 1 2°C L1tchfie1d:and1Hi1coxonw 1949. 
96 h Lcgo = 4.3 mg/L rcited in Bathe et aflh. 1975 (2=£i_s’t;e_§



1abie»a-1. Continued 

organisms 
_ 

Chemicai or Exposure Effects} Cohments Referencez 
formuTation- time ' 

Orfe , 

V 

Atrazine 48 H LC5o = 70 mg/L T4": 2°C 
V 

Litchfield and Hiicoxon, 1949. 
(Leuciscus sp.) cited in Bathe et a1., 1975 

Channel catfish -Atrazine Spauning LC5g = 0.22 mg/L Exposure to 0.06 Birge et a1., 1979; 1983 
(lctalurus gunctatus) 

‘ 

through (0.15 to 0.32 mg/L) 0.43, 4.83. and.46.7 
V 

. 

. 96-h 
. 

_ umg/L:caused!4%. 
post-hatch . ‘13%. 69%, and 

100%. respectively. 
of hatched fish 
to display 
teratogenic 
effects. F1ow- 
through test. M. 

9S 

Rainbow trout 
' Atrazine Spawning LC5o = 0.87 mg/L Exposures to Birge et a1.,'1979; 1983 

(Sale gairdneri) through» (0.63 to 1.15 mg/L) 0.05, 0x54. and 
964h 

‘ 

5.02 mg/L caused 
postahatch 

_ 

3%. 6%. and 62%. 
. 

_ 

_ 
respectjweiy, of 

? 

‘ 

. 

. hatched%fish to 
A 

display teratogenic 
effects. No fish 
hatchedifrom eggs 
exposedito 50.9 
mg/L. Flow- 
through.test. M.
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Tabfless-1. ~Gontinued 

Organisms. Chemica1 or Exposure Effectsl Coments Referencez 
formuiation time 

fRainbow trout AAtrex 96 h LC5o = 4.5 mg/L, Ciba—Geigy Chemicai Corpor- 
(§g1gg gairdneri)» 

' 

ation data cited in Need 
‘ 

Science Society of America, 
1983 ‘ 

B1ue9i11 95 n LC5g = >24 mg/L Ciba-Geigy Chemicai corpor- 
(Leggmis macrochirus) 

, 

' ation data cited in Need 
Science Society of America. 
1983 

Go1dfish Atrazine , 96 h L050 = 60 mg/L Geigy Agricu1tura1 Chemica1 
Qcarassius auratus) ' 

.Company product Iiterature 
cited in U.S. Department of 
Agriculture. 1978 

Spot 
‘ 

Atrazine 96 h LC5o = 8.5 mg/L Static test. M. Ward and Baiiantine, 1985 
(Leiostomus xanthurus) (6.0 to 12 mg/L) Salinity = 13 g/L 

Sheepshed minnow Atrazine 
I 

96 h LC5g_= >16 mg/L Flow-through test. Hard and Ba11antine, 1985 
(Cxprinodon variegatus) M. Saiinity = 13 g/L 

MATC = >1.9. 
<3.4 mg/L 

Bu11frog Atrazine Spawning LC50 = 0.41 mg/L Exposures to 0.4, Birge et a1.. 1980. 1983 
(gang catesbeiana)A through (0.27 to 0.59 mg/L) 5.33,f14.8; 26.4, 

post;hatch vand 45.8 mg/L 
Caused 7%’ 22%. 

find 
respective1y,iof 
hatched toads to



Tab1e B-1. Vcontinued 

;Exposure 
time 

Effectsl Couments rkeferencez Organisms Chemical or 
formulation 

American toad Atrazine 
(9219 emsrisenus) 

UI 
cn 

Bu1]frog Atnazine 
okanaacatesbeaina) 

heopard frog Atrazine 
(B!!2‘EiEi£!§) 

Pickere1 frog Atraiine 
(Rang 221222215) 

Spawning 
through 
96-h post- 
hatch 

Spawning to 

_ 

éhatching 

Spawning to 
hatching. 
Spawning 
throughv96-h 
post-hatch; 

A_'Spawning:to. 
hatchingu 
Spawning 
through 96ah 
post-hatch. 

LC5g = >48 mg/L 

LC5g‘= 11.55~mg/L 
(9;8 to 13.26 mg/L) 

L050-= 22;39img/L 
(07.18 to 30.01 mg/L) 
LC5o = 7.68 mg/L 
(4.84 to 11,90 mg/L) 

rLc5o = 20,20 mg/L- 
(17;77 tof22.96;mg/L) 
iLC5g.= I7.97tmg]L 
(I5J86:toT20m1T;mg[L) 

dispway tera-
A 

togenic effects. 
F1ow-through 
test.'M. 

'F1ow-through test. 
M. Exposures to 
_io;e, 24.0. and 
48;2 mg/L caused 
3%. 6%. and 17%. 
respective1y. of 
hatched‘toads.to 
display teratogenic 
effects; 

Flow-through test. 
";O

‘ 

FTow;through test._ 
M. 

F1ow.through test. 
M. 

Birge et a1., 1980. 1983 

Birge et a1.. 1980 

Birge et a1., 1980 

Birge et a1;, 1980
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lable B-1. Continued 

(§DiE9fl2E!§’E£fl£§fl§) 
0.23img/L,or;more 
through 2 generations 
caused reduced hatch- 
ing success, increased 
larval mortality, 
retarded development. 
and reduced rate of 

A 

pupation and emergence. 
NOEL =-0.11 mg/L 

torganisms chemical ore Exposure Effectsl Comments Referencez 
formulation time 

meopand frog~ Atrazine 96 h. Lethal threshold = Static test. Hovey. 1975. cited in Hine 
(§ggg‘g121gg§) u8;5 mg/L 

‘ 

et-al.. 1981 

Leopard frog Atrazine 54 d Tadpoles-exposed to Hine et al.. 1981. 
(Rana gigiens) 0.31 to 12 mg/L 
(tadpoles) 

‘ 

without significant 
mortality for first 

' 27 d; afterward a 
significantlincrease 
in mortality. Con- 
centrations*of'0;31 
mg/L significantly . 

retard growth. 

INVERWEBRATES 

'MidgeUlarvaeA Atrazine 48:h LC5g:='0.72 mg/L 20 1 1°C— Macek et al., 1976 fig) (0.36 to 1.44 mg/L). Static test. M. 

Midge larvae Atrazine 2 gener- Exposure to measured Static test. M. Macek et al., 1976 
ations concentrations of
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table B-1. continued 

Organisms Chemica1 or Exposure Effectsw comments Reference? 
formu1ation time 

Mosquito iarvae Atrazine . 18 h LC§o== 200 mg/L for Static test. NR. Bowman et a1., 1981 
(Cu1ex restuans) animals stressed 

‘ with:0.4% methanol in 
25-mL test system.‘ 

C1adoceran Atrazine 18 h LC50 = 0.6 mg/L Static test. NR. 
(Daghnia gu1ex) 

C1adoceran 
(222221! EH12!) 

C1adoceran 
(Q22hni2.22l2§) 

Cladoceran 
(Daghnia magna) 

Atrazine 4LR 48 h 
(40;8% atrazine) 

Atrazine .28 d and 
(Atrazin 99;2%) entire 

1ifespan 

Atrazine 48_h 

(0.22 to 14:44 mg/L); 
animaJs~stressed!with 
024% methanol in 
25.mL test system. 

LC50 = 36.5_mg/L 
(28.8 to 46.3 mg/L) 
(without susp. sed.) 
[C50 = 46;5 mg/L 
(39.6 to 54.6 mg/L) 
(with susp;~sed.) 

Longevity»not.affect- 
ed up to 10 mg/L. 
hut-reduced-in 
animais exposed to 
20 mg/L. iReproduc- 
tion was reduced at 
1 mg/L. 

inc5o.= 6.9!m9/L (5.2 
to 8;] mg/L), 
monta1ity?observed4at 
3.0 mg/LL 

NR. 

Ethanol (0.5%) 
=so1vent signifi- 
cantJy*reduced 
Iongevity and 
:reproduction. 
Synergistic 
effect.between 
atrazine.and 
'ethanom. NR. 

Static test. M. 
20 1 1°C 

Bowman et a1., 1981 

Hartman and Martin. 1985 

Schober and Lampert, 1976. 
1977 

!Macek et a1., 1976
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Table B-1. Continued 

Organisms 
. Exposure 

time 
Effectsl Comments Referencez Chemicai or 

formuiation 

Amphipod 
(Gammarus fasciatus) 

Ciadoceran Atrazine 
(222hni2.m22ne) 

Amphipod Atrazine' 
(Gammarus fasciatus) 

S¢Ud Atrazine 
'(Hya1e11a1azteca) 

21 d 

30 d to 
17'wk 

18‘h 

LC5g = 5.7 mg/L (3.6 
.to 8.0 mg/L), mortal- 
ity observed at 
2.4.mgfih. 

Exposure to 1.15 mg/L 
did not adverseiy 
vaffect survivai 
through 3 generations. 
Mean number of young 
per female during 
first generation 
exposure significantly 
reduced. 

Surviva1 of in- 
dfividuais exposed for 
30rd to 0.94 mg/L was 
reduced. No reduction 
in survival of in- 
dividuals exposed to 
0.49 mg/L for 119 d. 
Reproductive effects 
impaired survivai of 
offspring at-0.14 mg/L. 

LC5o = 8.8 mg/L (7.2 
to 18.64 mg/L) for 
animais stressed with 
0.5% methano1 in 25-mL 
test.systems. 

Static test. M. 
20 1 1°C 

Data indicated 9. 
mgggg reproduc- 
tion more sensitive 
to atrazine than 
survivai. 
Static test. M. 

Static test. M. 

Static test. NR._ 

Macek et a1., 1976 

Macek et a1., 19]s 

»Macek et a1., 1976 

?Bowman et a1., 1981
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Table B-1. Continued 

Organisms. Effectsl — ‘.Comments' Referencez 

Fiddier crab 
(ggg pugnax) 

Fiddler-crab 
(922 222225) 

Ciadoceran 
V 

(Daghniaamgggg) 

Brown shrimp 
(Penaeus ggtgggg) 

Shore crab 
(Carcinus mggggg) 

C1am 
(Pelecxgoda) 

Chemicai or Ewposure 
Iformulation time 

AAtrexR 10 wk 
(80% wettabie 
powder) 

AAtrexR n8 wk 
(80% wettable 
powder) 

Atrazine »48 h
‘ 

Atrazine 48'h 

Atrazine 
‘ 

Unknown 

Atrazine. Unknown 

Treatment at 1Qg000 
mg/L resulted in 
decreased,surviva1. 

1000 mg/L eithera 
ki1Ted crabs or

’ 

eliminated escape 
response. Adverse 
effects noted at 
100 mg/L with 
severity a function 
of crab size and sex. 

iLC5g = 3.6 mg/L 

30% morta1ity or 
ipara1ysisAat—1.mg/L 

LC5o = >100»mg/L 

tciams reduced to 1/8 
,of‘originafl number 
:after dosages of 0:5 
tom2;0>mg/L. 

’Tests in pond 
.enc1osures. 
isalinity 
éunknown. 

Tests conducted Piumiey et 815. 1980 
in field en- 
ciosures-and 
.greenhouses. 
Saflinity = 2019/L 

.Static=tests 
conducted in 
Taboratory. Test 
confirmed response 
varied with season. 
Saiinity = 20 g/L 

Pflumiey et 83a, 1980 

’U;S.:Department of the 
Interior. 1968, cited in 
Pimentem,.1971 

Salinity 
' 

Butler, 1965 
~unknown. NR. 

.$a1inity Portmann and Wilson, 1971 
.unknown. NR. ~ 

waiker, 1962, citedlin 
Pimenteflg 1971
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’Tdb1e B-1. continued

2 Organisms chemicai or Exposure Effects] Comments rkeference 
formu1ation time 

Snails Atrazine- Unknown Snaii popuiation in- Tests in pond Haiker. 1962. cited in 
(Gastroggga) creased neariy 4 times enclosures. Pimentei, 1971 

at 0.5 to 2.0 Saiinity 
»mgflL. unknown. 

‘Eastern oyster Atrazine .96 h.+ *No noticeabfle effect Saiinity Butier, 1965 
(Crassostrea virginica) unknown on sheT1 growth in unknown. NR. 

period of oysters atil mg/L. 
growth 

Cockie Atrazine Unknown LC5o =->100 mg/L ‘Salinity Portmann and Hiison, 1971 
(Candium eduie) unknown. NR. 

~C1adoceran‘ Atrazinei 48 h EC5o = 3.6 mg/L Immobilization. Johnson, 1986 
(oaghnia magna) NR. 

Midge iarvae Atrazine .48 h EC5g = 1.0 mg/L Immobi1ization.- Johnson, 1986 
(Chironomus ‘ a E 

NR. 
rigarius) 

Freshwater-benthic Atrazine Unknown Most species reduced -Haiker. 1962, cited in 
organisms oat 1east.50% after Pimentei, 1971 
(primariiy insects and appiication of 0.5 to 
insect larvae) 2.0 mg/L. 

Eastern oyster Atraiine. 48 h EC5g = >30 mg/L Static test. M. Hard and Ballantine, 1985 
(Crassostrea virginica) Satinity = 16 gIL 
(embryo) 

Caianoid copepodi Atrazine 96 h LC5g = 0.094 mg/L Static test. M. Ward and Baiiantine, 1985 
(Acartia tonsa) (0.052 to 

0.167 mg/L) 
Saiinity =~20 g/L
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Tabie B-1. Continued

2 
Organisms 

5 chemical or Exposure. '.Effects1 Comments »Reference 

formuiation time. - 

Mysid shrimp Atrazine. 96 h LC5o = 1.0 mg/L .F1ow-through-test. —Hard and Baliantine, 1985 

(Mxsidggsis bahia)» (0.65 to 3.1 mg/L) M. Saiinity = 

13 g/L 

Grass shrimp Atrazine 96 h LC5o = 9.0 mg/L Static test. M. Hard and Baiiantine. 1985‘ 

(Palaemonetes gugflo) (5.3 to 16 mg/L) Salinity = 26 g/L 

Pink shrimp Atrazine 96 h LC5o = 6.9 ng/L Static test. M. Ward and Baiiantine, 1985 

(Panaeus duorarum) (4.1 to 12 mg/L) Salinity = 26 g/L
' 

Fiddier crab Atrazine 96 h 'LC5n = >29 mg/L Static test. M. 
6 

Hard and Ba11antine, 1985 

(ggg gugi1ator)~ Saiinity = 26 g/L 

Leech ,Atrq;ine 28 d LC5o = 6.3 mg/L Static test. M. Streit and_Peter; 1978 
(99.2%) (2.2 to 15.9 mg/L) 

Leech 
_ 

Atrazine 27 d LC5o = 9.9 mg/L Static test. M. Streit andiPeter. 1978 

(Heiobde11a stagnalis) (99.2%) (5.2 to 14.3 mg/L) 

ALGAE 

Green elgae Atrazine 2 wk Autotrophic growth iLoeppky and Tweedy, 1969 

—(Chamxdomonas»reinhardi) compietely inhibited 
. 

' at 0.5 mg/L. but- 
heterotrophic.growth 
not*affectedL 

(chlagxdomonas J Atraiine 2 wk Autotrophic—growth Loeppky and Iweedy, 1969 

eugametos) only ST19htTy 
-affected at 5.0:m§fiE.
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Fable B41. Continued 

as measured by 14c- 
uptakeratlatrazine 
concentration of 
5.ug/L. 

Organisms Chemical or" Exposure 'Effects1 Comments Referencez 
formulation time 

(chlorella.vulgaria) Atrazine Zgwk Slight toxic effect Loeppky and Tweedy, 1969 
‘t 

' at 5.0 mg/L. 

(Chlorella gxrenoidosa) Atrazine 2 wk Marked toxic effect. Loeppky and Tweedy. 1969 

Green alga Atraaine Not At 0.1 mg/L atrazine. Karlander et al., 1983 
A(Nannochloris occulata) specified. percent inhibition in — 

Kept until culture growth ranged 
a constant from 46.2% at 15°C to‘ 
growth rate 54%.at 25°C. 
and then 
observed 
‘for 72 h. 

Bluergreen algae Atrazine Unknown lEC5o =A40 to=520 pg/L Hutber et al.. 1979 
(Cyanobacteria) for exponential growth 

rate inhibition. 

‘Plantonic algae. Atrazine (99%) 2 wk Algae isolates not Butler et al., 1975b 
(12 isolates) capable of growth at 

1 mg/L. 

Natural phytoplankton Atrazine 136 d 6.3% decrease in— 24-h 14¢-uptake deNoyelles et al.. 1982 
assemblage 41% ai primary productivity tests
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Tab1e B-1. Continued 

Organisms Chemicai on Exposure. %Effects1i Comments tkeferencez 
formuiation time 

Green alga. Atrazine 8-9 d 76% growth inhibition Gram1ich and Frans. 1964 
(Ch1ore11aiQxrenoidosa) by.2.16 mg/L- 

Marine unice11u1ar-a1gae 
A 

.Atrazine ’60 min EC5o = 0.104 mg/L. Avg. of 6 species. Holidster and Halsh, 1973 
(Ch1onophyceae)

‘ 

(Baci11ariophyta) 60 min EC50 = 0.265 mg/L Avg. of‘8 species Ho11ister and Ha1sh, 1973 

(Chrysophyceas) -60 min EC5o = 0x092 mg/L Avg. of 3:species Hoiiister and Halsh, 1973 

(Rhodophyceae) 60 min nEC50‘=:0a079 mg/L 1 species Ho11ister and Haish, 1973 
‘ EC50 = 50% decrease 

in 02 evoiution 

Green a1ga= Atrazine. 18-36 h ’1;mglL caused‘50%. Ch1onophy11 Kratky and Warren, 1971 
(Ch1ore11a gxnenoidosa) or greater inhibition. _anaflysis used to 

‘ 

' 

' measure response. 

Estuarine phytoplankton Atrazine 7"d inhibitory effect on Study assessed Moyasich-et a1., 1986 
¢nannoch1or$5;ocu1ata) 

’ ° growth significantly interaction of 
. increased by high Iight, temperature, 

temperature-and 1ight vandiatrazine 
intensity. (0.05 and 0.1 mgfiL) 

"on cell growth. 

(Phaedacty1um AAtrezine 7.d Inhibitory effect on 
tricornutum) growth sfignificantiy 

decneasediby 1ow Iight 
intensiky. 

Mayasich et d1.,.1987
‘
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Iabfle2B~1. acontinued 

Organisms Chemical or Exposure Effectsl Comments Reference? 
- formu1ation time 

(Biaigai assembiage Atrazine 7 d Inhibitoryiresponse Study assessed Mayasich et a1., 1987 
of 3. ocu1ata and 

A 
more severe for 3, interaction of 

3- 32122222!!!) tricornutum in iight, temperature. 
bialgal assemblage and atrazine 
than in uniaJga1 (0.015. 0.030, 0.05 
cu1ture, ‘Enhanced mg/L) on ce11 growth 
sensitivity of ya in unia1ga1 cuiture 
ocuflata to atrazine and bia1ga1 
inzbiaigaiuassembiage assemblage. 
produced 3. 
tricornutum dominance. 

Unice11u1ar diatom Atrazine 7 min EC5oi=:0;099img/L Atrazine concentra- Mi11ie and Hersh. 1987 
(C¥c1ote11a meneghiniana) (Arizona) tions rangedifrom 

EC5o = 0.105 mg/L 0.001 to 0;338:mg/L. 
(Iowa) Study assessed 
EC5o = 0.243 mg/L effects of atrazine 
(Minnesota) on geographicai races 

of diatom. EC5o = 50% 
reduction in oxygen 
production. 

«Green alga Atrazine Not stated Paper disc agar’ Failure of atrazine Thomas et a1.. 1973 
(ichiorena diffusion n_c>t to inhibit g. 
'E¥££"°idQ§3) vsatisfactory for gxrenoidosa growth 

tests with atrazine 
(conc. not given). 

due to giucose in 
medium.)
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tlabfle Bel. Continued 

Organisms :Chemica1_or 
formu1ation 

Exposure 
time 

Effects} Referencez 

Green a1gae 
Chiorelia vu1garis 

(ésissesleniym £2225) 

Ye11ow-green algae 
(IEi92!£!§ §E-) 

(XEEEDSEEE 92512252) 

Blue-green a1ga 
(osciliatoria 1utea) 

Green a1ga 
(Ch1ore11a gxrenoidosa) 

Atrazine 

Atrazine 

Atrazine 

Atrazine 

Atrazine 

tAtrazine 
(98.2%) 

7 d 

7 d 

7 d 

7 d 

7 di 

‘96 h 

Dose-re1ated'inhibi- 
tion of ch1orophy11 
production fromJ0.001 
to Itmg/L. Complete 
inhibition at 10 mg/L. 
50% inhibition at 
0.001 mg[L. 

67%"ch1orophy11 inhi- 
bition at 0.001img/L; 
90% inhibition at 10 
mg/L. 

42% ch1orophy11 inhibi- 
tion at 0.001 mg/L; 
75%'inhibition~at 
1:0.mgfiL; 100% inhi- 
Ibition at 10 mg/L. 

41% ch1orophy11 inhi- 
bition at 0.001 mg/L; 
100% inhibition at 
2.0 mg/L. 

93%.ch1orophyJ1 inhi- 
bition at 0.001 mg/L; 
100% inhibition at

‘ 

1.0'm9/L._
A 

._ E650 (srowth) = 60iug/L 

Torres and 0‘F]aherty. 1976 

Torres and 0’F1aherty. 1976

\ 

Torres and 0'F]aherty. 1976 

Torres and 0'F1aherty. 1976 

Torres and 0“FIaherty, 1976 

Mau1e and wright. 1984
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Tobie B-1. Continued 

(fiumiileriopsis 
filiformis) 

reduction in»02 
production. Normai 
growth-resumediin 
atrazineefree media. 

isynthetic membrane 
system»inves- 
tigated. In tact 
cem1 and cell-free 
.system inhibited 
»in same conc. range; 

Organisms « Chemicai or Exposure Effectsl Comments Reference? 
formuwation time. 

Blue-green:a1ga Atrazine 96 hr «EC5g;=s5360 ug/L 'EC5o = conc. Mauie and wright. 1984 
(glgggggpsg glpigglg) (98;2%) ‘ acausing mozr V 

~ decrease in 
growth. 

Green alga Atrazine 0-72 h » 70 mg/L atrazine. Ashton et a1.. 1966 
(Ch1ore11a_vu1garis) stopped growth; 

effect counteracted 
by 2%ug1ucose. Littie 
reffect-on structure 
of ch1orop1ast. 

»Green_a1ga Zeasin=50% <1 h No growth at 5 mg/L After short-term 
_ 

Véber et a1., 1981 . 

(Ch1ore11a vuigaris) (H/H) to 96 h ratrazine;»marked exposure, aflgai 
growth-inhibitory cemis resuspended 
effect at 0.25 mg/L. in atrazine-free 

' media. Longer 
exposures apparently 
used for atrazine 
removai but paper 
unciear regarding 
effects on growth. 

Yeliow-green a1ga Atrazine 6-7 d 0:2 mg/L caused 50% :Effects on photo- Boger and‘Schu1e, 1976
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mabie B-1. Continued 

Drganisms Chemica1 or Exposure ‘Effectsl Comments Referencez 
formulation time 

Green algae Atrazine (A) 12-14 d 'EC5o_= 0.5 mg/L EC5g = conc; Stratton. 1984 
(Ch1ore11a gyrenoidosa) Deethyiatefl A EC50 = 1,8 mg/L’ causing 50% 

Deisopropylated A .EC5o = 3.6 mg/L decrease in photo- 
Diamino - A ~EC5o = >100 mg/L synthesis. 
Hydroxy - A 'EC5o = >100 mg/L 

(Scenedesmus guadricauda) Atrazine (A) 12-14 d EC5o = 0.3 mg/L E659 = conc. Stratton, 1984 
» 

0 Deethywated A 1EC5o_= 1.8 mg/L causing 50% 
Deisopropyflated A ':EC5o = 4:0 mg/L decrease in photo- 
ADiamino — A EC5o = >100 mg/L synthesis. 
Hydroxy - A -EC5g = >100 mg/L 

(Q. gxrenoidosa) 
' 

Atrazine (A) 12-14 d .EC5o = 0.3 mg/L ‘EC50 = concs Stratton. 1984 
- ifleethylated A EC5o = 3.2 mg/L causing 50% 

vbeisopropyiated A .EC5o = >10 mg/L decrease in growth 
iDiamino --A EC5g = >10 mg/L :yie1d as measured 
:Hydroxy - A _:EC5o = >10 mg/L ‘by absorbance. 

(§.:guadricauda) Atrazines(A) I2-14 d EC50 = 0.1 mg/L — EC50‘= conc. Stratton. 1984 
— "Deethyflated A ';£c5o_= 1.2 mg/L causing sox 

'DeisopropyJated A ‘EC5g‘= 6.9:mg/L vdecrease in growth 
—Diamino -.A AEC5o = 4.6 mg/L yieid as measured 
rflydroxy - A EC5g = >10 mg/L 'by absorbance. 

(Q. gyrenoidosa)‘ aAtra21ne;(A) I2-14 d ‘EC50 = 1.0 mg/L EC5g = conc. Stratton, 1984 
Deethyiated A {E650 = 7;2 mg/L vcausing 50% 
Deisopropylated A 2EC5gg=‘>I0‘mg/L ~decreasevin growth 
Diamino ?EC5o1==>104mg/L 'rate;~methodnnot 
Hydroxy - A fEC5o:=->i0~mg/L ;given.
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mable B91. Continued 

-Organisms Chemical or Exposure Effectsl Comments Referencez 
fonmulation time 

(§. guadricauda) Atnazine (A) 12-14 d EC5o = 0.2 mg/L =EC5o = conc. Stratton. 1984 
Deethy1ated A EC5o = 2.0‘mg/L 

1 

causing 50% 
Deisopropy1ated A EC5g = 6.5 mg/L decrease in growth 
Diamino -.A EC5g = 10-0 mg/L rate; method not 
Hydroxy - A E650-= >10'mg/L given.V

' 

Blue-green a1gae Atrazine (A) 12-14 d EC5o = 0.3 mg/L EC5g = conc. Stratton, 1984 
(Anabaena inegua1is) &Deethy1ated A EC5g = 2.5 mg%L causing 50% 

Derisopropylated A EC5o = 9.0 mg/L decrease ‘in photo- 
Diamino - A EC5o = >100 mg/L synthesis. 
Hydroxy -.A *EC5o = >100 mg/L 

(A. cx1indrica) Atrazine (A) 12-14 d Ec5o4= 015 mg/L EC5g = conc. Stratton. 1984 
' 

Deethy1ated%A 
' 

EC5g_=.4;8 mg/L causing 50% 
Deisopropylated A EC5o = 9:3 mg/L decrease in photo- 
Diiamino - A: EC50 =,>:1oo 1mg/L synthesis. 
Hydroxy 4 A EC5o = >100 mg/L 

(5. 1551291115) Atrazine (A) 12-14 d E650 = 0.1 mg/L EC5g = conc. Stratton, 1984 
.Deethy1ated A E650 = 0.7 mg/L causing 50% 
1Deisopropy1ated A E659 = 4.7 mg/L decrease in photo- 
Diamino -A EC5g »= 100:mg/L synthesis. 
Hydroxy - A EC5o = >100~mg/L 

(A. 1ggggg11§) Atrazine (A) 12-14 d EC5o = 0:03 mg/L EC50 = conc. Stratton. 1984 
De‘eth_y‘la1:ed1A 

‘ 

H250 = 1.0 mg/L causing 150% ~ 

Deisopropy1ated A. EC5g = 2;5 mg/L decrease in growth 
Diamino - A =Ec5o = 710 mg/L yiefld as measured 
Hydnoxy - A EC5g;= >10 mg/L by absorbance.
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Tab1e B-1. Cdntinued 

Organisms Chemicam or Exposure. iEffects1- Comments Referencez 
formuiation »time ‘ 

Atrazine (A) 12-14 d EC5o = 1.2 mg/L EC5g : conc. .Stratton,.1984 
Deethylated A Ecgo = 8;5 mg/L causing 50% 
'Deisopropy1ated A Ecgg = >10 mg/L decrease in growth 
Diamino - A Ecgo = >10 mg/L yiefld as measured 
Hydroxy 4 A E050 = >10 mg/L by absorbance. 

(5. variabiiis) Atrazine (A) 12-14 dd EC5o = 4.0 mg/L . EC5g = conc. causing Stratton. 1984 
-Deethyiated A E050 = 3:5 mg/L 50% decrease in growth 
DeisopropyTated A EC50 = 5;5 mg/L yield as measured by 
Diaminoi-_A EG5g = >10 mg/L absorbance. 
Hydroxy - A E050 = >10 mg/L 

(5. inegua1is) Atrazine (A) 12-14 d EC5g = 0.1 mg/L EC5o = conc. Stratton. 1984 
Deethy1ated A EC5g = 4.0 mg/L causing 50% 
‘Deisopropyiated A EC50 = 7;0 mg/L decrease in-growth 
Diamino - A EC50 =->1o:mg/L rate:.method‘not 
Hydroxy - A ' EC5g = >10;mg/L .given.1 

(A. cxmindrica) Atrazine (A) .12s14 d 1EC5o = 3.6 mg/L :EC5g = conc. Stratton. 1984 
A Deefhyiated A !EC5o = 5.5 mg/L causin9=50% 

:Deisopropy1hted A %EC5g = >10 mg/L :decrease in growth 
iD1émino.-A» iEC5o = >10 mg/L rate; method not 
Hydroxy 7 A »EC5o = >10 mg/L given.- 

(A. variabiiis) Atrazine (A) 12-14-d - EC5o.= 5.0Img/L . EC5o = conc. Stratton, 1984 
Deethylated A EC5g = 7;5'mg/L‘ causing )0: 
Deisopropylated A EC50i='9o2 mg/L :decrease in grdwth 
Diamino - A EC5o~=?>T0.mg/L. rate;:method not 

» 

Hydroxy - A EC5g = >10 mg/L ‘given.
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Table B41. ‘Continued 

Organisms 'chemflca1 or 
formulation 

Exposure 
time 

Effectsl ‘Comments Reference2 

Green4a1gae 
(Se1enastrum 
cagricornutum) 

(Ank$strodesmusAsp.) 

cchwamxdomonas 
reinhardi) 

(Scenedesmus_ 
Tobiiguus) 

m19ar_1s) 

Atrazine 

Atrazine 

Atrazine 

Atrazine 

Atrazine 

24 h 

24 h 

24 h 

24 h 

240h 

~EC5o,=‘0a053'mg/L 
(0.043 to 0a064:mg/L) 
E050 = 0.034 mg/L 
A(O.029 to 0.040 mg/L) 
Ec5o'= 0.0420mg/L 
e0;037 to 0.045 mg/L) 

E050 = 0.072 mg/L 
(0.062 to 0.082 mg/L) 
E050 = 0.061 mg/L . 

(0.054'to 0.068 mg/L) 

'EC5o\=‘0.037‘mg/L 
(0.019'toi0:048§mg/L) 

EC5o = 0.038 mg/L 
60.027010 0.050 mg/L) 
EC5o1=(0.057%mg/L 
(OJOSJ to=0u064‘mg/L) 
E055 = 0.049 mg%L 
(0.044 to 0.055 mg/L) 

EC5g = 0.325 mg/L 
(0.298 to 0.357 mg/L) 
E050 = 00305 mg/L 
(0.277.to:0.334smg/L) 
EC50 = 0.293 mg/L 
(0.273 to 0.314 mg/L) 

EC5o based on 50% 
’decrease of 145- 
uptake as H003’; 

EC5o based on 50% 
decrease of 140- 
uptake as HC03'. 

EC50 based-on 50% 
decrease of 14C- 
buptake as HG03'..‘ 

'EC5o based on 50% 
decrease of 14C- 
uptake‘as.HC03'. 

EC5o based 0n=50% 
decrease of 14C- 
uptake.as:HC03'. 

Larsen et a1., 1986 

Larsen et 01.. 1986 

Larsen et a1.. 1986 

Larsen et a1., 1986 

Larsen et a1., 1986
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Tab1e.B-1. Continued 

Organisms chemical or 
fiormulation 

Exposure 
'0 

time 
Effecisl Comments Referencez 

(St1geoc1on1um tenue) 

(ulothrix subconstricta) 

B1ue—green a1ga 
(Anabaena c¥1indr1ca) 

aereen alga 
(Ch1ore11a 
;gyrenoidosa 

Greenwalgae 
(£nfl2:2£2££!m 59:) 

Atrazine 

Atrazine 

Atrazine 

Atraz1ne180H 

Atrazine- 6 

(Iech.«acid) 

Atrazine 
(80%1H.P.) 

24 h 

24 h 

24 h 

14 h 

90 min 

‘90‘min 

E050 = 0.127 mg/L ' 

60.108 to 0.151 mg/L) 
E050 = 0.224 mg/L 
(0.195 to 0.265 mg/L) 

E050 = 0.088 mg/L‘ 
(0.060 to 0.132~mglL) 

iEC50.= 0L253 mg/L 
(0.173 to 0.483 mg/L) 
EC5o = 0.178 mg/L 
(0.130 to 0.026 mg/L) 
EC5o = 0.182 mg/L 
(0.140 to 0.268 mg/L) 

vo;1 ng/L-s11ght1y 
inhibitory; concen- 
centrations»above 
1 mg/L were completely 
inhibitory. 

E059 (02 production) 
= 0.10 mglt 
¢EC5g.¢growth)'= 
0.101mg/L." 

iEC5g‘(02;produCtion) 
‘=%0.40~mg/L 
lEC5o~(gnowth).= 
=0.10 mg/L 

EC50 based on 50%v 
decrease of 14C-» 
uptake asrHC03'. 

»EC5o;based on 50% 
decrease of 140- 
uptake as H603‘. 

EC50 based on 50% 
decrease of 14C- 
uptake as HC03'. 

Larsen et a1., 1986 

Larsen et a1., 1986 

Larsen et a1.. 1986 

He11s and Chappe11, 1965 

ua1sh. 1972



Qt 

Tabie B-1. Continued 

‘0.41 mg/L 
(0.59 to infinity) 

Organisms. chemical or Exposure Effects} Comments -Referencez 
formulation time 

(Dunalieila ,Atrazine 90 min E050 (ozgproduction) Ha1Sh. 1972 
tertiolecta) (Tech. acid) = 0.30 mg/L 

' 

EC5g (growth) = 
=0.30 mg/L 

Atrazine 90 min ¥EC5o.(02 production)w 
(80%*H.P.) = 0.60 mg/L 

EC50 (:gl"OVlth) '= 

0;40‘mg/L 

Green aigae 
’ 

Atrazine 11 d E050 (growth) = Burren etva1.. 1985 
(Ankistrodesmus. (99.9%) 0.06 mg/L 
ibnaunii) 

(ghgggllg ggjgggjg) Atrazine .11 d EC5g (growth) = 
(99;9%) 0.025 mg/L 

Green aigae AAtrex-80H 24—h' EC5o;(02 production) Using synthetic Turbak et a1., 1986 
(seienastrum =?0;0Z0 mg/L a1ga1 media; 
cagricornutum) i(0.065 to 0.094 mg/L) 

24 h EC50 (05 production) ‘Using natural water. 
A 

= 0;85 mg/L ’ 

00.79 to 0;93 mg/L) 

2-3 EC5g (growth) = Using synthetic 
0,059_mg/L alga) media. 
(0.048 to 0.071 mg/L) 

2-3 wk ':EC5g;(growth) =a Using natural water.
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Tab1e;B-1. continued 

inhibition. 

Eonganisms. Chemica1:or Exposure iEffects1 Comments Referencez 
‘ 

A 

formulation time 

v AQUATIC VASCULAR PLANTS 

Pondweed‘ Atrazine 4 h 159 = 03080 mg/L I50 = 50% Jones et a1., 1986 

(Potamogeton genfo1iatus) 87% photosynthetic Ibhotosynthetic 
reduction by inhibition 
0.650 mg/L 

Pondweed Atrazine 2 h 159 = 0.077 mg/L I50 = 50% Jones and Hinche11. 1984 

(Potamogetonigerfoiiatus) ‘ ’I1 3 0.020 mg/L photosynthetic ~ 

inhibition 
11 = 1% photo- 
synthetic 
inhibition 

Hater miifoii Atrazine 2 h 150 = 1.104 mg/L I50 =:50% Jones and-Winchell. 1984 

(Myrioghyilum sgicatum) 11_= o;o2o»mg/L photosynthetic 
inhibition 
11 = 1% photo- 
synthetic 
-inhibition 

%Horned pondweed Atrazine 2th 150 = 04091 mg/L 150 = 50% Jones and Hinche11, 1984 
‘ "I1 = 0;017 mg/L .photosynthetic 

~ inhibition 
11 =‘1% photo- 
synthetic 

~ inhibition 

Higeon grass ‘Atrazine >2.h‘ r50 = 0.102jmg/L $50 = 50%l "Jones and Winchell. 1984 

(kuggia maritime) 11 = 0;020 ng%L photosynthetic
A 

inhibition 
I1'= 1% photo- 
synthetic
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1Tab1e!B-1. Continued 

Organisms Chemical or Exposure Effectsl Coments Referencez 
formulation time 

Pondweed Atrazine. 4-wk 150 = 03130 mg/L I50 = 50% 'Kemp et a1.. 1985 
cPotamogeton gerfowiatus) 

' 

photosynthetic 
' 

inhibition 

Eel grass Atrazine 21 d 50% mortality at Saiinity = 19-22 De1istraty and Hershner, 
(Z9§E£E2‘!2Ei!§) approx. 0.1 mg/L. g/L 1984 

Haterweed Atrazine 3-6 wk 50% growth inhibition Forney and Davis. 1981 
(E1odea canadensis) V at 0.080 and 

- 

‘ 

0.109 smg/<L:n 1% inhibi- 
=tion at 0.003 and 
0.012‘mg/L. 

Eel grassv Atrazine 3-6 wk ‘50%.growth»inhibition Forney and Davis. 1981 
(vmisneria) ~ at 0.532. 0.414. and 
vamericana) 0.163 mg/L; 1% inhibi- 

' 

tion at 0.005. ot._o1~4. 

01008, and 0.004 mg/L. 

Pondweed« Atrazine 3-6 wk 50% mortality at 1% mortaiity at Forney and Davis. 1981 
(Potamogeton 0;053 mg/L: 50% 0;011'mg/L; 1% ' 

gerfofliatus) decrease in dry wt. decrease in dry wt. 
’ 

at 0.907 Lmg/L; 50% at 01.004 mg/L; 1% 
decrease in iength decrease in length

’ 

at 0.474 mg/L. at 0.006 mg/L. 

Hatermi1foi1 Atrazine 3-6 wk 50% growth inhibition Forney and Davis, 1981' 
(Myrxi‘oghx‘ Mum at 1.104 mg/L;‘ 1%

1 

sgicatum‘ =growth inhibition at 
0:044 mg/L.



BL 

Table B-1. Continued 

(Zostera marina) for shoot length at 
0.410 mg/L:-50% 
inhibition of leaf 
number at 0.060 mg/L. 

Organisms Chemical or Exposure *Effects1' Comments Reference? 
formulation time 

Common seagrass »Atrazine 40 h 50% inhibition of 02 Salinity = 30 g/L Halsh et al., 1982 
(Thalassis (Tech. grade) evolution at

’ 

testudinumi 0.32 mg/L; 15.8% at 
011 mg/L; 77.2% at 
0.5‘mg/L. 

Sago pondweed Atrazine 4LR 48 h Significantly Hartman and Martin, 1935 
_ 

(Potamogeton (40.8% atrazine) inhibited growth at 
ggctinatus , 

' 0.10 mg/L. 

Eel grass Atrazine 21 d 50% growth inhibition Salinity unknown. Hershner et al., 1983



Appendix C 
Summary of Microcosm Studies Dealing 
with Exposure
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Mable C-1. Summary ofinicrocosm Studies Dealing with Atrazine Exposure 

Microcosm type and components Environmental Atrazine 
conditionsi concentrations 

Results 'Reference 

Fortyetwo, 50-L glass aquaria; 
32X26x48 cm. 
Potamogeton gerfoliatus or 
uyrioghyllum sgicatum 
(both plants not in same 
aquarium) 
Filtered (5 um) Chesapeake 
Bay water, sediments, 8 cm 
deep. 

‘Salinity: 8-12 g/L Technical grade; 
Temp: 21.5 1 1.5°C diss._in 100 mL 
Light; 150-200 methanol for 
HE/m2/s final microcosm 

Photoperiod: 14L:10D conc. of 5. 50, 
D.0.: 3.4 mg/L, 100, 500. and 
Dev. period: 7 wk 1000 ug/L. 
Test period: 4 wk One exposure. 

P. perfoliatus: Z50 ug/L caused sign. Kemp et al., 1985 
02 prduction»depression in week 1-2_ 
posttreat; 5 ug/L caused sign. depression 
in wk 2-3. 2100 uglt caused sign. loss of 
biomass in wk 4 posttreat: Z500 ug/L 
caused sign. loss of biomass in wk 1. 

§.~sgicatum: 250;ug/L caused sign. 02 
production depression in wk 1-2:post- 
treat; 5 pg/L caused sign. enhancement 
of 02 production: 2500 ug/L caused 
sign. loss of biomass in week 1-4; no 
effects on biomass at conc. S100 ug/L. 

mine: minutes(s) 
h~=~hour(s) 
d = day(s) 
wk week(s) 
mo month(s) 
yr year(s) 

conc. =-concentrations 
dev. period = development period 
dia. = diameter 
diss. = dissolved 
D.0. = dissolved oxygen 
exp. = experiment 

sev. = several 
sign. = significant(ly) 
std. =-standard 
temp. = temperature » 

wt. = weight
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Table C-1. continued 

Microcosm type and components Environmental 
conditions 

Atrazine 
concentrations 

Results Reference 

Sixteen 4-L glass jars; 3.8-L 
of water (mix of std. reconsti- 
tuted water and natural wetland 
water. 8:1. v/v) and hydro- 
soil of a ratio of 9:1w(v/v). 
Lggng sp.. Ceratophyllum~sp., 
Elodea.sp. 
Natural communities of in- 
vertebrate and algae 
(developed within each micro- 
cosms and cross-seeded). 
Daphnia mggng (25 adults) 
introduced into each micro- 
cosm unit 48 h pretreatment; 
continuous additions of 25

” 

adults if population declined 
to fewer than 5 adults.

' 

SeamJess.gJass‘aquaria 
(20x30x18):?0.5-cm layer of 
pond sediment; 7 L pond 
water; inoculum of net 
plankton plus_aufwuchs from 
natural pond. Microcosms 
mixed continuously by chain- 
.riven, 50-rpm stirrers._ 
Each microcosm withiseparate 

Light: 1400'lux 
Photoperiod: 16L:8D 
Dev. period: sev. wk 
Tmp.: 20 1 1°C 
Test period: 30 d 

'Temp.: 19-24.5‘C 
Light: 6500 lux 
Photoperiod: 12L: 12D 
Test period: 

Exp. 1: 12 d 
Exp. 2: 7:d' 

Dev. period: 39 wk 
‘Note: ’A'des'cript,i‘on- 

of experimental 

mpg/L. 

Technical grade; 
85.5% active, 
wettable_powder; 
final microcosm 
conc. of 10. 100. 
and 1000 ug/L of 
active ingredient. 
Introduced into 
microcosm as soil 
slurry. One ex- 
posure. 

Exp 1: 50, 500, 
and55000vug/L 

‘ atrazine. Exp. 2: 
0;5. 5, and 100 

In‘addi- 
tion, conc. 
“spikes*'of 
atrazine intro- 
ducedéat'variousA 

"Viability of Q. mgggg not sign. 
different from control at any conc.; 
7-d chronic toxicity tests using

I 

Q. mgggg frm test microcosms 
~ show 1000 pg/L dose did not affect 
.life cycle after 30 d in microcosm; 
100-.and 1000-ug/L treatments 
reduced aflgal growth by 40% as 
determined by std. algal bioassay 
at end of 30 d. Immediate gross 
primary production reduction at 
10 and 1000 ug/L upon atrazine 
introduction. Recovery of D.0. in 
10 pg/L after 7 d. Macrophyte bio- 
masswreduced by 50%'in 1000-yg/L 
treatment after 30 d. I000-pg/L 
treatment increased;microcosm«con- 
lductivity and alkalinity and 
decreased pH. 

"Sign. decrease in oxygen production 
at 50 ug/L and above. “No differences 
observed in community structure in 
Exp. 2 at 0.5 "and: 5 ug/L. 

Johnson. 1986 

:Brockway et al., 
1984 

'35:
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mabie C-1. Continued 

inicrocosm type and components Environmentai 
conditions 

Atrazine 
concentrations 

Results Reference 

znutrient feed system added at 
0.6 mL/min. 8.1 d retention » 

time. 

Six 700-L glass aquaria; 
1.8x0u6x0.8 m; fiitered (5 pm) 
estuarine water: estuarine 
sediments 12 cm deep; 
Potamogeton.ggnfo1iatus 
(75 plants per microcosm). 

design extremeiy 
convoiuted 
andiconfusing; 

Tmp.: 22=26°C 
Saiinitye 9.5-10.5 g/L 
Photoperiod: 14L:10D 
Dev. period: 3nwk 
Test period: 30 d 

- times to bring 
totai atrazine 
conc. up to 100 
pg/L in Exp. 2 at 
0.5.ug/L. 

2 treatments: 86 
and-860_mg 
atrazine; each 
dissoJMed2in’100 
mL acetone; 100 
kg dry sediment 
added with 
acetone»removed 
prior to addition 
of.sediment 
to microcosms; 
I30-140_ug/L 
exposure; 860 mg 
producedd1100-1310 
pg/L exposure. 

130-140 H9/L sign. reduced photosyn- 
thesis in wk 1 with sign. recovery 
by wk=4; 1100-1310 ug/L sign. reduced 
photosynthesis‘over'entireIposttreat- 
ment period (4 wk). ‘Sign. deciine in 
density of stems with leaves of conc. 
1100-1310 ug/L between wk 5.and17; 
final shoot-density about 20% of 
control. Sign. decTines in totai piant 
biomass in both treatments at wk 2.’ 

Cunningham et a1., 
1984
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Table c—1. 

Microcosm type and components ‘»Environmenta1 
‘conditions 

Atrazine 
concentrations 

Resumts Reference 

Giass aquaria; 50x25x30 cm: 
6 kg (dry) sediments: 25 L 
we11 water pTus Instant Ocean 
Sa1t mix; Zanniche1Mia 
paTustris, Potamageton. 
pectinatus, Zostera marina, 
and Vailisneria americana. 

Glass, water-jacketed 40-L 
aquaria; uncontaminated soi1 
(6-7 cm depth). Zaniche1Tia 
palustris (200 per microcosm), 
we11 water pius Instant Ocean 
Salt mix. 

“ ‘ 

Pyrex g1ass jars (0.56 to 
1.0 L),.poTyethyTene tops; 
5'g (dry wt.) benthic sediment, 
10 mL reconstituted water, 
10 1st instar Daphnia mgggg, 
10 1st instar-Chironomus 
riparius, aiso indigenous 
popuiation of other 
ciadocerans, ostracods. ’ 

tubificid worms. fiiementous 
aigae. duckweed. and other 
macrophytes. 

’ Light: 100 uE/mg/s 
pH: 8 
Temp: variedzwith 
’different tests 

Test period: "sev. 
wk" (exact time 
not given) 

Temp: 23°C 
Photoperiod:.16L:8D 
Sa1inity:‘5 g/L 
pH: 8 
Dev. period: 0 
Test period: 4'wk 

Temp: 
Photoperiod: 16L:8D 

Light: 0.75-0.87 
uE/m2/s 

Dev.,period: 2 wk 
Test period: 6 wk 

Exp. 1: 75 and 
A650 pg/L 

vExp. 2: 1.3, 12. 
120, and 1060 
ug/L 

Atrazine added as 
. conc. so1ution in 
imethanol and 
.mixed in soil. 

Atrazine added as 
suspended=sediment/ 
water mixture 
(95.1% to-totai 
atrazine in water). 
Atrazine was mixture 
of non1abe1Ted and - 

14¢-atrazine for 
tota1 input of 
aprox. 40:ug/L 
(inciuding direct 
input of 4-ug 

A 

atrazine dissoived 
in acetone). 

Exp. 1: ;. pg1g§t3j_: 02 production 
sign. inhibited at both conc. 1. 
americanai sign. inhibtted at high 
»conc. E. pectinatus and ;. marina: 
sign. inhibited at upper concen- 
.trations but sign. stimulated at 
Tower conc. Exp. 2: 1. americana: 
rapid=and complete mortality at 
1060 ug/L: s1ower mortaiity rate 
but comp1ete in 30 diat T20,ug/L: 
50% mortality in 47 d at 12 u/L. 

Net oxygen production and gross 
photosynthesis sign. inhibited by 
bottom sediments (0;5—2 mg/kg) and 
“water coiumn (0.1-1.4 mg/kg) 
atrazine. Plants exposed toe2 mg/L 
or more in sediments died after 14 d. 

Disappearance of atrazine in water 
approximated biphasic sediment 
sorption kinetics and also invoived 
voiatiiization and«degradation. At 
end ofi6 wk. 50% of totam microcosm 
atrazine was in water, 40% in 
sediments;,p1antsLandyinvertebrates 
each contained Tess than 1%. Highest 
atrazine conc. in microcosm com--

‘ 

aponents occurred in a1gae*and;macro- 
phytes. Zndihighest in midge larvae.

_ 

3rd in sediment. Haterihad lowest 
conc. 

T A’ 

Corre11 and Hu. 1982 

CorreTT et al.. 1978 

Huckins et ai., 1986
'



Table C-1. Continued 

Microcosm type and components Environmental Atrazine- - Results Reference 
' 

conditions concentrations ‘ 

Sixteen 11-L glass aquaria . 24-h retention time 50, 100, and 150 All conc. caused sign. reductions in Rocchio and 
with continuous flow of at 7.5-L storage H9/L added once D.0. conc. but returned to within Malanchuk, 1986 
dechlorinated tap water; voiume. daily for-4 wk. 90% of«pretreated D.0. conc. 48th 
periphyton assemblage Photoperiod: TZL: Atrazine dissolved after atrazine input stopped. All 
obtained from local rivers 120’ in methanol. atrazine conc. caused sign. nitrate 
and incubated in laboratory Temp: 25°C reductions during exposed periods. 
for sev. wk. Dev. period: 6 wk - After atrazine input stopped. nitrate 

Test period: 4 wk and levels increased to within 90% of 
3iwk recovery period "pretreatment levels. 

35-cm dia. plastic tubs Salinity: 20 g/L V Atrazine introduced’ Reduction iniprimary productivity Plumley and Davis, 
3: with 10-cm layer of soil; Microcosm was a into "tidal water“ and chlorophyTl content of 025 mm 1980 

7.6 L of water. Tidal flooded with atrazine- at 2.16»mg¢L. One layer in Feb. 1977. Cell numbers 
action simulated; edaphic containing water twice 

V 

application. and chlorophylfl content of surface 
algae: fiddler crabs daily for 5 d. ‘Hater algae not affected. In April, 
(ggg pgggag)(lab study). in reservoirs content of surface algae reduced but 

supplying ‘tidal 
' 

not in soil. Little effect on 
water" changed after community structure. 
after 5 d to atrazine- 
free water. 

36-cm dia.. 29-cm deep Dev. period: 7‘d As above. Carbon fixation of edaphic algae Plumley and Davis, 
I 

‘plastic tubs filled to a For atrazine appli- sign. decreased at 7 and 18 d-after 1980 
g 

depth of 15 cm with surface cations. tub removed treatment. The presence of the 
: soil creek bank. -Tubs‘ to high ground and plastic tub had a sign. effect on 

partially buried so soil flooded twice daily community structure in field study. 
levels inside and outside for 5‘d with 2.16- ' ‘ 

matched; 3-cm dia. hole mg/L atrazine’ 
move- ' solution. 

ment in and out of tubs 
(field 7s;tudy)i.
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Tabie C-1. Continued 

Microcosm type and components Environmental 
conditions 

Atrazine 
concentrations 

tResu1ts Reference 

Tweive aiuminum cyiinders. 
1.8 m dia., 90 cm high, 
.pressed 15 cm into soii sur- 
»face (75 cm above ground). 
Singie 5-cm ho1e (with 
screen) amiowed tidal 
inflow/outfiow with crabs 
(g§gsgugnax)=retained 
in system (estuarine 
field study). 

12-cm dia. Bfichner funnel 
containing sait marsh soil 
and connected by tubing to 
1-L bottle with 750 mL of 
seawater. Bottle raised 
and lowered to fiood and 
_drainisoi1 surfaces.(twice 
dai1y=for 20'd).— Sgartina 
a1ternif1oraV1eaves=from 
zp1ants~previous1w grown in 
14C41abe11ed atrazine 
soiution for 2«d, then in 
atrazine-free nutrient 
soiution for 3 d. Dried 
leaves piaced on top of 
soii in funnel. 

Not stated. 

Prior to atrazine 
exposure. §.g1tg[- 
niflora piants 
cuitured in growth 
chamber. 
Photoperiod: 14L:10D 
Temp. 28°C (iight) 

24°C (dark) 
Light: 35‘1ux 
Test period: 20 d" 

Atrazine appiied as 
in 500 mL of water 
at 100; 1000, and 
10’000.mg/Lp(0.05. 
0.5. and 5.0 g/m2). 
One appiication. 

§. aiternifiora 
piants_grown in 
0.26 mg/L 14c; 
atrazine soTution. 

Carbon fixation by edaphic aigae 
sign. reduced for 0.05-and 0.5 
g/m2 rates 16 d after treatment. 
5.0 g/m2 inhibited carbon fixation 
through 42 d. 

During the 20-d test period a 
decrease in the amount of ch1oro- 
form—so1ub1e material corresponded 
to an increase in water-soiubie 
atrazine-metabolites. About 67% 
of initiai t0ta1.radio:activity 
in §. aiterniflora leaves recovered 
in seawater used to inundate 
microcosm ieaves and soi1. About 11% 
of total radioactivity recovered 
from soi1. 

P1um1ey and 
Davis, 1980‘ 

=McEnerney and 
Davis, 1979



Table C-1, Continued 

’Microcosm type and components Environmental 
conditions 

Atrazine 
concentrations 

Results Reference 

49x49x30—cm~p1exiglass 
tanks divided into 2 areas 
(water reservoir and 
individual sediment 
chambers). Sediment 
chambers filled with 
atrazine-free estuarine 
sediments in 3 compartments 
(2 subsurface and 1 surface) 
Fourth compartment isurface 
and upslope (40%) of 
untreated sediment] con- 
tained 14CAatrazine. 125-9 
quantities of treated sediment 
aflso placed in beakers fdr 
continuous submersion. 17 L 
.of 9.5 ppt salinity estuarine 
1water per microcosm. No 
macroorganisms present. 

L8 

Six 125-m3 limnocorrals. 
5x5x5 mg including sediment; 
in 10.3éha mesotrophic lake; 
periphyton added from lake on 
PVC strips. 

Two tidal flooding 
events per day. 
other conditions 
not stated. 
Reference to 
Caplan et al., 1984. 
for more details. 
Organic content of 
sediment 11.2%. 35-d 
experiment. 

Natural conditions. 
Exp. 1: Aug. to Dec. 

1982 
Exp..2: Aug. 83 to 
June 1984 

Periphyton dev. 
period: 

Exp. 1: 53 d 
Exp. 2: 39 d 

Fourth treated 
sediment compart. 
ment contained 
25:9 of sediment 
at 4-mg/kg atrazine. 
Beakers contained 
same conc. 

Exp. 1: 2 corrals 
at 1.56 mg/L; 2 
corrals at 0.14 
mg/L, both as 
single doses. 

Exp 2: 3 corrals 
-at 0t08Lmg/L. 
two doses, 35 d 
apart. 

iuptake. 

About 11% of total 14¢ moved verti- Isensee, 1987 
cal¥y.from treated to untreated sedi- 
ment after-3=dL Little additional 
ovement afterward. "One of 3% of 
14C moved downslope to untreated 
sediment. Decreased extraction 
efficiency over time corresponded to 
increased 14C recovered by oxidation. 
Extracts of tidal sediment and con- 
tinuously floodedlsediment were 89%v 
atrazine at day 1 and 18% at day 35. 54% 
of total radioactivity was metabolites at 
day 35. Only 1.3% and 2.7% of extractable 
radioactivity was atrazine in tidal and 
flooded sediments, respectively. at day 35. 

Hamilton et al., 
1987 

All doses produced decline in net 
productivity. cell numbers, number 
of taxa, chlorophyll Q. and 14C- 

Periphyton~exhibited 
“quick” recovery (21 d) for 
productivity at all doses.

A 

‘Different periphyton comunity 
components recovered at different - 

bgrates (e.g., chlorophyta recovered;
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‘Table. c-1., Continued
' 

Microcosm type and components iEnvironmental 
conditions

_ 

Atrazine-‘ 
concentrations 

Results ‘ Reference 

Lake column simulators; stain- 
less steel columns. 4.5 m 
high, 1 m dia.; containing 
3336 L of water (at 4.25 m 
height). "Phytoplankton from 
dense, mixed species batch 
culture; zooplankton (Daphnia 
ppgpg); fish (Lebistes 

3 E 

reticulata). 

Test period: 
Exp. 1: 56 d 
Exp. 2: 223 d 

Photoperiod: 15L:9D 
Light: 175-225 uE/ 
m2/s 

Temp: 
iExp. 1: 20-22°C 
JExp. 2:_25-26°C 

Test period: 40 d 

Exp. 1: 7 doses 
applied on alter- 
nate days, 4 wk 
after algae added. 
-Low dose ==3.49 mg/ 
dose; high dose = 

-24.9 mg/dose. 
’Exp. 2: 3 doses 
within 5 d. Low 
dose = 9.9 mg/dose, 
high dose = 99.0 
’mg/dose. 
flppg: Doses in Exp. 
1 and 2 were 
AAtrexR (90% 
atrazine). 

from 0.08 mg/L at end of Exp. 2 
(223 d). - 

Exp. 1: Chlorophyll g conc. declined Millard et al., 
following both doses to day 15 with 1979 
subsequent increase. Particulate 
organic carbon’had similar response. 
Exp. 2: Decrease of chlorophyll p and 
;particulate organic carbon in control 
columns. 
Exp. 1 and Exp. 2: Atrazine conc. in un- 
filtered water was 10X greater in top 
-2.o_ in than in bottom 2.0 win of column. 
VExp. 2: 85% of total atrazine in water 
was-‘solub1e' (i.e., passed through 
glass fiber filters). 
Exp. 1: Atrazine residues 993 detected in 
pp @3932 (high dose)§!0.2;mg/kg in fish 
(high dose); highest; residues in used-" 

-imented particulatepmatter (21.3 mg/kg) 
in high dose. Cohc. in-water (unfiltered) 
were 12.1 and 0.6 ug/L (upper andllower 
levels. respectively) for low dose; 125 
land 14.1 ug/L (upper and lower levels; 
arespectiveay) for high dose. Biocon- 
‘centrationzfactors were zoxiror suspended 
vparticulates. 170x for sedimented particulates. 
'and.2X for fish. 
EExp.\23.Atazine in Q. magn »at.9.3«mg/kg
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Fable CA1. Continued 

Microcosm'type:and components Atrazine 
concentrations 

Environmental 
conditions 

Results Reference 

Unialgal cultures of diatom 
. (Nitzschia actinastroides) 
grown in presence of atrazine. 
Dimtoms=fed'to limpets 
(Anczlus-fluviatilis), which 
'wereIin turn fed to leeches 
(elossighoniarcomglanata). 
vstudy conducted in glass 
vessels of unspecified type. 

Iaub microcosms: 10 algal 
species, 2 protozoan 
species, 1 amphipod species, 
1 ostracod species, I daphnid 
.species. and anaassortment of 
bacteria and fungi; 3 L of 

so H9/L in diatom 
culture as 14C- 
vatrazine. 

For algal growth: 
Temp.: 20°C 
Light: 8000 lux 
Photoperiod: 

continuous light 
Nutrient solution: 

Chu No. 12 

60, 100. 200;.500. 
1000. and 5000 mg/L 
(one exposure per 
conc.). 

Dev. period: 7 d 
Test period: 2 mo 
Temp: 201: 1°C 
Light: 900 ft-cdl 
*Photoperiod: 

'12L:12D 

(bioconcentration factor 454x) for low dose. 
No zooplankton in high dose. Atrazine in 
fish at 0.4 and 2.1 mg/kg (low and high 
doses, respectively) for bioconcentration 
factors of 20X and\9X (low and high doses, 
respectively). Leone. in water was 20.5 
and§1.9 ug/L (upper and lower levels, 
respectively) for low dose; 221.4 and 7.6 
yg/L (upper and lower levels. respectively) 
'for high dose. 

Conc. factions for atrazine in diatoms Streit. 1979 
depended on culture age; but were 
:generally just below 295x (on a dry wt. 
basis). ‘Limpets that fed on atrazine- 
contaminated algae’had only slightly 
higher concentration factors (for 
atrazine) than non-fed limpets exposed 
to atrazine in the surrounding water. 
Food chain magnification of atrazine 
and bioconcentration of atrazine by 
limpets feeding on atrazine-con- 
taminated algae were not observed. 

Larsen et:al., 
1986 

146-HC03' uptake decreased immediately 
with atrazine treatments; recovery 
began after 10 d in 60- and 100-pg/L 
treatments; slight recovery in 200—u9/L 
treatment; others remained depressed; 
Apparent stimulation of chlorophyll g
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Tabie C-1. Continued 

Microcosm type and components Environmenta1. 
conditions 

Atrazine 
nconcentrations 

Resuits Reference. 

synthetic media; 200 g of * 

siiica sand enriched with 
0.5 g ground chitin-and 0.5 g 
ground ce11u1ose; 3.7 L wide- 
mouth pick1e jars.

’ 

As described above (Larsen et 
81., 1986) 

ifixperimentai ponds. 0:045-ha 
surface-area, 2-m depth, 470- 
m3 vo1ume.: Hater and plankton 
from an adjacent 0x33-ha‘ 
reservoir.maintained by we11 
water. Additions_ofib1uegi11 
(Lepomis macrochirus).'channe1 
catfish (lctaiuruswpunctatus), 
gizzard shad (Dorosoma 
cepedianum), and grass carp 
(Ctyenopharyngodonbideiia)

~ 

iAs described above 
(Larsen et a1., 1986). 

1Not‘given; 

As-described*above 
(Larsen et a1., 
1986) 

Exp. I: 20- and 
500- pglu exposures 
over single growing 
:season (1979). 

vEx9. 2:-'3Lyear 
studyiwith.ex— 
,posures‘ofV20..100, 

‘ 

Two generai txpes of community 1eve1 

production in060= to 200-ug/L treat. 
’ments; sign. ch1orophy11 Q reduction at 
1000- and 5000eug/L treatments. Conc. 
of_200jug/L or more inhibited D.0. 
increase in Night and decreased in dark; 

_ 
at 60 and 100 pg/L inhibition was 1ess 
‘apparent-and intermittent. 

Stay et a].. 1985 
responses: one associated with high 
conc. (500 to 5000 ug/L) and one 
associated with 1ow conc. (60,V100. and 
-200 Hg/L). High conc. caused imediate 
dec1ine:and»suppression through experiment. 
Low conc. caused apparent effects (depression). 
but were not consistent throughout the~60ed 
experiment. Some recovery of the 
‘microcosms at 1ow conc. was noted at 
the end of 53.d (posttreatment). 

Exp. I;*500‘pg/L caused immediate 
depression.of;phytop1ankton~14C4HC03' 
uptake activity foiiowed by=recovery‘ 
hand then.depression. Exp. 1 not long 
enough to determine if 14CJHC03T-uptake- 
activity returned to controm Teveis. No 
ciear effects on photosynthesis at 20 pg/L. 

iExp. 2: 100 and 200!ug/L caused 
immediate and sign. iowering of 
14c.Hco3' uptake for 2 wk. foliowed by



Wdb1e‘C-1. Continued 

Microcosm_typeJand_components tEnvironmental 
conditions 

Atrazine 
concentrations 

"Results Reference 

(added:in Exp. 2. 1981=study). 
Assorted‘aquaticrmacrophytes 
invaded;ponds. 

up As described above (Larsen et 
al.. 1986). 

Test period: 136 d 

200. and 50D~ug/L 
as annual doses 
(1981—1984). 

20- and 500-ug/L 
exposures~over 
single growing 
season (1979)t 
same as Exp. 1 

above-(Larsen.et 
al.. 1986). 

la return to control levels for 2 wk. 
followediby a depression in 14C uptake 
for 4 mo. After 4 mo posttreatment. 14C 
was not different from controls. 

Chlorophyll«g did not show clear treat-' 
ment effects (as with 14c.Hco3') at 100 
pg/L and greater treatments. but long- 
term inhibition did occur. ‘No effects 
at“20:pg/L. 

.0nly pH and!D}0. affected by atrazine; 
sign. not'giNen. ‘At 20 ug%L. 14C—HC03‘ 
=uptake:and:algal=bimass declined sign. 
by day 2, but returned to control level 
by day 7 and~remained’there through day 
63. At 500 ug/L, 14C-HC03' and algal 
biomass averaged less than in control 
ponds for entire study (136 d). Suc- 
cession of phytoplankton species was 
altered at bgth concentrations. Zoo- 
plankton community structure altered at 
both concentrations apparently in response 
to change in phytoplankton community. 
»Growth of aquatic vascular plants also 
reduced at both levels. 

deNoyelles et al., 
1982; 
deNoyelles and 
Kettle,.1985
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Tobie C-1. Continued - 

;Environmenta] Micrgcosm type.and components _ 

Atrazine Resuits Reference 
conditions concentrations‘ 9 

As described above (Larsen et ~ Test period: 3 yr 200. and Mean turbidity increased sign. with in- Dewey. 1986 

al.. 1986) 

As described above (Larsen et 
a1.. 1986) 

Nine opaque PVC tubes. 50 cm 
dia. containing approx. 180 L 

of water placed into 7-yr-old: 
pond (approx. 4x2,5 m andc 

_ 

Test period: 136 d 

Dev. period: 3=wk 
Test period: 19 wk 

500 ug/L with 
annua1‘doses.over 
a 3-yr study. 

20- and 500-ug/L 
exposures—over 
singie growing 
‘season Q1979)» 
Same asiExp.1 
above (Larsen-et 
ai.. 1986). 

1.08 mg giving 
water conc. of 200 
u9/L- 

"sign. reduced at 20 pg/L. 

creased conc. Aquatic macrophyte pro- 
duction decreased with increasing conc. 
Abundance of emerging chironomids was 

Benthic insect 
species richness, equitabilityu and totai 
emergence aT1 deciined sign. with 
'atrazine treatments. iflonpredatory 
insects were-more reduced re1ative to 
predatory insects. ’The emergence 
periods of severai herbivorous insects 
were also aitered by atrazine. 

Of the 3 fish species introduced, only 
'b1uegi1n reproduced during the study. 
Number of young from treated ponds sign. 
iless than controls. Mortality not sign. 
different among ponds. Stomach contents 
differed sign. between treatments and 
~contro1 in terms of food diversity and 
quantity. Macrophyte coverage declined 
about 90% in Zoeug/L treatment and over 95% 
in 500gug/L treatment.

A 

.Sharp deciinejin D.0. conc. to detec- 
tion limit (not given) in 5=d post- 
treatment. At 40.d posttreatment.-Duo. 
in treatments-same as control. Ireat- 

Kettie et 8].. 1987 

Lay et a1}, 1984; _ 

Peichi et a1., 1984
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‘lflicrocosm type andlcomponents 

‘sediment part of microcosm. 
‘weekly nutrient supplements 

lablelc-1. *Continued=A
V 

Atrazine 
concentrations 

Environmental 
conditions 

Resultsi Reference 

.*0.8 m deep) and pressedr0.3 m
V 

into sediment. ‘Phytoplankton 
from existing pond. 

PVC tubes. 1.25 m dia. 
containing approx. 980 L in 
pond (approx; 15x15 m and 
0.8 m deep) and pressed 0.3 m 
intoisediment. 

Test period:'50 d 10 ug/L 

Atrazine applica- 
tions on 1 June 
1983‘and46‘July 
1983 to give 100 
pg/L at each 
application. ‘Conc. 
ranged from 80 to 
400-H9/L after June 

Limnocorrals (5x5x5 m) in 
mesotrophic lake in Lake-Ontario 

Dev. period: 3 wk 
Test period: 329 d 

given. 

' ment pH values sign. lower immediately 
.after treatment and for the following 
29ld!after which pH values were not. 
different from control; conductivity 
increased above control 5-to I25 d post- 
treatment. Phytoplankton taxa decreased 
,shortly after treatment. 32 
phytoplankton species (7 phyla) existed 
tin pretreatment microcosms. After 
treatment onfly two phyla surviyed 
(surviving species not given). Sign. 
increase in rotifer Keratella sp. 3‘d 
posttreatment. then decreasing below 
controls at 7 to 30 dzposttreatment. 

confirmation of previous reports Peichl et al., 1985 
(Peichl et al.. 1984) that changes in 
rotifer populations were-due to changes 
in phytoplankton populations. 

No sign. chemical or physical effects Herman et al.. 1986 
after June treatment. July treatment 
caused sign. reductions in D.0. and 
sign. increases in transparency. dis- 
solved‘inorganic-carbon. and N02-N03 
nitrogen. All parameters-except 
:nitrogen recovered to control levels 
by endiof experiment. Treatments sign.



Table C-1. Continued 

~Environmenta1 Microcosm type and components
‘ 

- ' 
' conditions 

Atraiine‘ 
=concentrations 

Resuits ikeference 

76 
Farm-ponds I (0.49 ha), III Test period: 2 yr 
(0.63 ha). and IV.(0.56 ha). 

. Biuegiii (Leggmisgmacrochirus), 
phyto-and 2oop1ankton,.crayfish 
(species unknown), and tadpoles 
(species.unknown). 

"
V 

U.S. EPA's Aquatic Ecosystem 
Simuiator (AEcoS). A:c9n- 

fDev. period: 43 d 
F1ow:.250.L/d 

troiied environméntaw Temp: 15°C
‘ 

containing 4 channeis (arti- Photoperiodzy 
ficial streams). Periphyton 12L:12D 

treatment. Conc. 
increased 20%-30% 
after Ju1y treat- 
=ment. 

AAtrex 4LR, 43% 
atrazine added in 
Ju1y 1973 to ponds 
I and III at 0.30 
mg/L and again in 
May 1974.‘ 

xob ug/L maintained 
for“14.dLg ' 

reduced periphyton biomass, but effect 
was not consistent over time. &No sign. 
effects on chiorophyii until after July 
.treatment.' Afterwards treatments were 
.1ower than controis. but not aiways 
sign. Species composition.a1¢eredL 
June treatment e1iminated‘bJue-green 

i‘a1gae; July treatment genera11y 
reduced greens and diatoms. §No 

recovery of biomass. 14C uptake 
ireducedioniy after July treatment. 

Atrazine residues (165-353 pg/L) in 
a11 components‘except‘tadpoles 
immediately after treatment. Residues 
decreased siightiy during growing 
aseason;wbut»weresstiT1Hpresent»at-end 
of growing season. Rrior to treatment 
in.1974.11ow»residue'1eveJs=(e.g., 21 
pg/L or Tess) were found in water and V 

emud, but not'in bioiogicam components. 
The same pattern of decay foiflowed the 
1974 treatment; Bioiogicai magnifica- 
-tion was not observed. 

Net productivity decreased rapidly 
within:hours‘of'atra2inevadditionxto 
'23% of controi va1ues on dafliyfbasis. 
isiight effect on community respiration 
producing sma11 increases.ininighttime 

Kiaassen and 
Kadoum,-1979 

Hamala and Koiiig, 
1985_



.96 

water. 
. clams (Strophitis rugosus), 

Table C-1. icontinued 

’fiT”'f V 

iflicroéosmitype£and=components ¥Environmental 
conditions 

Atrazine 
concentrations 

Results Reference 

Six=artificial»streams*con- 
structed from existing con- 
crete troughs in an abandoned 
fish hatchery. Hater 
diverted from small woodland 
stream. -Benthic organisms and 
periphyton colonization from 
diverted water and introduced 
natural‘substrates. 

As described above otynch et 
ale. 1985). :Biological;colo- 
«nization resulted from organ- 
isms incidentally introduced 
with substrated and diverted 

rFishr(Cottus‘bairdi), 

and»crayfish corconectes sp.) 
added from other streams. 

Thirty-two recirculating arti- 
fician streams; ‘Periphyton

‘ 

communities derived from 
natural spring and:agricul- 
turally impactedlriver. 

Temp:.15.5’C (May) 
to 0.5‘C (Dec.) 

Dev. period: 2 yr 
Test_period:.30-d 

period during each 
season. 

Dev. period: 1 yr 
Temp: fi5.5°C (May) 

to 0.5?C (Dec.) 
Test period: 30-d 
-period:duringTeach 
season. 

Streams piaced on 
roof of building 

‘lwith translucent 
~fiberglass=covers. 
~During~colonization 

Technical grade 
atrazine at 25 
u9/L- 

Technical grade and 
radioflabelledv 
atrazine; total 
-mean conc.: 49.54 : 
39.76 ug/L. 

AAtreiR 80 HP; 
0.1; 1.0. and 
10 mg/kg atrazine_ 
applied after 3-4 
wks colonization. 

Increase 
.pared to 
summervat 

in:invertebrate—drift_(com- 
solvent control) only during 
razine additions. No sign. 

effects on periphyton standing crop 
(as dry wt.). No treatment effects 
found for primary productivity or com- 
munity respiration or on community 
macroinvertebrate.structure. 

Atrazine 
usually l 

were detected. 

conc. inlsubstrates were 
ess than-1.0 H9/L where they 

Patterns:of accumula- 
tion or clearance couidanot be dis- 
cerned. 
after»54 
and spring experiments. 

Atrazine remained in substrate 
d%of clearance during winter 

Atrazine=conc. 
(when detected) were generally less 
than 3.0 
additions. 
were not 

pg/g in biota during atrazine 
Atrazine residues in biota 

found during depuration phases. 
when calculated for individual samples 
of organi sms.'bioconcentration factors 
ranged from 0.8 to 480, but were 
generally less than 50. 

Sign. acute effects of atrazine 
resulted in progressive decrease in 
biovolume over the 0-10;mg/kg treat-. 
rmentvsequence. A 27-fold decline in 
total biovolume occurred in'the 10-mg/kg 

Lynch et al., 1985 

Lynch et al., 1982 

Kosinski. 1984; 
Kosinski and 
Merkle. 1984.



Tabie C-1. Continued 

Microcosm type and components Environmentai 
~condi1ions 

Atrazine 
iconcentrations 

Resuits 
_ 

‘ Reference 

estabiished from pond plankton 
'and 1ittora1 sediments. 

\o As described above (Hama1a 
and Koilig, 1985).

' 

Light:»8608'1ux 
Test period: 37 d 

(21 d recovery). 

As described*above 
(Hama1a and Ko11ig. 
1985). 

As-describediabove 
(Hama1a_and Ko11ig, 
1985). 

respiration. Several changes in com- 
.munity structure. inc1uding decreased 
a1ga1.density and~diversity, aitered 
species composition. and reduced rates 
of biomass accumuiation. Rapid 
recovery of net productivity in recov- 

‘rery period (posttreatment) suggests 
atrazine's effect is- an istati . Oniy 
1itt1e to partiat recovery within 
recovery.period. 

Ma1anchuk and 
Ko11ig. 1985 

Norma1 diurnal pH fiuctuation of 1.9 
(i.e.. 7.349.2) reduced to 0.5 
immediately after treatment. Recovery 
started imediateiy after input of 
atrazine stopped and was about 90% of 
controi in 10 d. D.0. had simiiar 

- pattern to.pH. i.e.. 7-13.5»mglL before 
treatment. 3.5-6.5 mg/L midway through 
treatment. and recovery to_a 6.4-12 mg/L 
if1uctuation‘at endyof experiment. :N03 
conc. decreased sign. upon treatment. 
increased above controi 1eve1s after 
treatment (approx. 7 d). then returned - 

to control 1eve1. ’No sign. difference 
between orthophosphate 1eve1s in treat- 
Aments andicontrom until after atrazine 
input stopped. Afterward, treatment 
‘microcosms vere;sign. lower than 
controis.
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‘ Tabie C-1. Continued 

Environmental Microcosm type and components= Atrazine Resu1ts~ Reference 
' 

A 

conditions 
' 

concentrations 

I 

4periodi(3-4 wk)’ treatment in one year. tNo evidence of 
~0;O1 mg/kg atrazine induced resistencezby exposure to 10v 
maintained in ha1f of cone. Different a1ga1 species varied 
streams used. in their response to atrazine.. Photo- 
Test period: 2 yr synthesis was significantiy depressed 

tby 1 and 10 mg/kg«atrazine._ Indications 
of 1 slight inhibition of photo- 
synthesis by 0.1 mglkg. 

As described above (Kosinski. As described above. AAtrexR-80 HP; Sign. decrease of net community produc- Moorhead and 
1984). except: 

Dev. period: 5 wk 
‘0.1. 1.0. and 
10'mg/kgiatrazine 
app1ied after dev. 
‘period. 

tivity (NCP) at ali conc, Sign. 
deciine of NCP with time in controi 
streams~made data interpretation~diffi- 
cu1t. No sign. differences in respira- 

Kosinski. 

ition.rates in streams receiving 
atrazine. No major shifts in numerical 
importance of dominant a1ga1 groups.



Appendix D 
Atrazine Toxicity Data



mania o-1. Atrazine=ToxicjtyiData ForiBirds1 

Effects Comments References 
Nature of‘ Exposure 

1Formu1ation Organism exposure Time 

Atrazine ’Bobwhite1 Ingestion ‘5 d (+3 d 
(99% ai) observation) 

Atrazine Japanese Ingestion 15 d (+3 d 
(99% ai) quail observation) 

Atrazine Ring-necked Ingestion ' Std (+3 d 
(99%:ai) pheasant’ observation) 

Atrazine Ma11ard Ingestion 51d (+3 d 
(99%‘ai) observation) 

' Atrazine 
A 

Chicken Ingestion 10 daily doses 
(80% wettabie by capsuie 
powder) _ 

AAtrexR,'80H Chicken Ingestion 1 d (+7 d 
observation)

1 

1 From U.S.zDepartment-of-Agricuiture} 1984. 
vd =-day(s) 
wk = week(s)_ 

Lc50 >5000 mg/kg in feed. 

Lc5gv#5ooo mg/kg in feed. 

LC5g >5000 mg/kg in feed. 

LC5g >5000 mg/kg in feed. 

Chickens treated with 0. 
25, 50.1100. and 25D.mg/kg 
had weight changes of 

+61%, +24%, +20%. 
and‘-2%.°respective1y. 

100 mg/kg in diet. No 
toxic symptoms, visibie 
adverse physioiogicai 
effects, or changes in egg 
production or egg weight. 

No mortality to 5000 mg/L. 
9-d-o1d birds. 

No morta1ity to 2500 mg/L. 
7% mortaiity at 5000 mg/L. 
7-d-01d birds. 

No mortaiity to 5000 mg/L. 
10-d-o1d birds. 

No mortality to 2500 mg/L, 
30% mortality at 5000 mg/L. 
10-d—o1d birds. 

H111 et 81.. 1975 

Hi11 et a1.. 1975 

Hi11 et_a1., 1975 

H111 et 81.. 1975 

Paimer and Radeieff, 
1969 

Foster and Khan, 
1976
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Tabie DAIL Continuedi 

Exposure Naturerof‘ a 

Formuiation Organism exposure Time’ Effects Comments References 

AAtrexR. 80H Bobwhite Ingestion: 8;d; ¥LC5o 5 5760 mg/kg in feed. - Ciba—Geigy Chemicai 
’ 

ma1T:ar.d Ingestion 8' d} ‘LC5g- =19 isso mg/kg in feed. Corporation data in 
- 

. Heed Science Society 
of America. 1983‘ 

AAtrexR; 80H Pheasant Ingestion 15 doses Heekiy oral doses of 100; - Me1ius. 1975 
(80% ai) (fema1e) *by capsuie. (one per wk) 200, and 400 mg atrazine did 

»not;affect*we1ght gain; number 
:of‘eggs—1aid5reggshe11 thicke 
:ness; visudi cliff performance 
wof offspring, and survival and 
weight gain of offspring. 

Atrazine Bobwhite Ingestion 5 d (+3 d i‘LC§o = 700 to 800 mg/kg - “Heath et a1.,.1972, 
‘ 

observation) “ from U45. Environmental 
-vProtection‘A9ency 
wregistration data 
=reported by Ghassemi 
net a1.. 1981
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Table‘D-2. 1Atrazine Toxicity Data for Mammalsl 

. . . Nature of
( 

Formulation; 
' 

Organism exposure Effects References 

Atrazlne Rat Single dose 
' 

LD5g = 3000 fig/kg Bashmurin. 1974, cited 
‘ 

in Hayes. 1982 

Rat Single dose . _ L059 = 1400 mg/kg ‘ 

’ 

Gzhegotskiy et al.. 
1977, cited in Hayes. 
1982 

Atrazine. Rat Single dose 
I 

LD5g = 3080 mg/kg Geigy Agricultural 
Technical . Chemicals, 1971a 
(AAtrexR) ' 

0” 

Atrazine. 80H Rat Single dose 
_ LD5g = 5100»: 400 mg/kg Geigy Agricultural 

Chemicals. 1971b 

Atrazine Mouse Single dose L050 = 1l50 mg/kg Bashmurin. 1974. 
cited in Hayes. 
1982 

Atrazfine. MouseAA Single dose 
3 

’ 

‘ED50 = 1750 mg/kg Geigy Agricultural 
Technical 

. Chemicals, 1971a 
(AAtrexR) ’ 

.Atrazine Cattle 2 dbses/Z4 h Lethal 
' 

Palmer and Radeleff, 
(250 mg/kg per dose) 

_ 

‘ 
’ 

1964 

Atrazine Sheep. 1.dose/24:h 
0 

' Lethal Palmer and Radeleff, 
‘ 

(2501mg/kg per dose) * 

0 

- 19641 

1Aaaptea fromzU.$.§Depert¢ent of Agricfimxure (1984) with edditional data froh Palmer and Radeleff‘(1964l, Jowett et;al. (1986). and Kdbem et am. 
(1935). , 

V

- 

h = hour(s) lfik = week(s)~ d1= daycs) yr = year(s) vmo = month(s)



VOI 

Tabie 0-2. Continued 

Natureiof 
Formuiation »Organism exposure Effects References 

Atrazine vSheep. '16 doses/24 h Letha1 Pa1mer and Redeieff, 
(100 mg/kg per dose)- 1964 

Atrazine Sneep 199.doses/24th Lethal Paimer and Rade1eff, 
‘ 

i(50 mg/kg per dose) 1964 

AAtrex, 80H Catt1e 
» 

Ingestion (12 300 "Lethal in 6-8 h Jowett et ai., 1986 
mg/kg in rumen 
contents) 

Atrazine Rat IJP. injection LD5g= 125 mg/kg Gzhegotskiy et a1., 
1977. cited in Hayes, 
1982

' 

.AAtrex Cattle 400 mg/kfi by gavage Letha1 in 48-72 h ¢Kobe1 et a1., 1985 

,Atrazine..80Hr Cattle 

Atrazine .Rats 

Cows fed 10QVmg/kg. 
i2e.. for 21 dlor 
30 mg/kg for 28 d 

Dietary ieyeis-of 100 
and 500 mg/kg for 6 mo 

No observabie effects. 

Growth retardation.- 

.Geigy Agricu1tura1 
Chemicd1s, 1971a 

'Suschetet et a1;, 
1974
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’Tab1e D-2. Continued 

Natureiof 
exposure 

Effects Reference Formuiationr Organism 

Atrazine« vsheep 

Atrazine Ca1f 

Atrazine Cattie, dog. 
horse. rat 

Atrazine rRat 

Atrazine Rat 

Fed;hay_withHan 
avg;~of approx. 
500 and 760 mg/kg 
for 4~wk for total 
intake of approx. 
865 and 1200 mg/kg 
body weight. 

Fed hay containing 
approx. 500 and 
760 mg/kg for 4 wk. 

Animais fed 25 mg/kg 
over"extended=periods.' 

100 mg/kg in diet for 
2 yr. 

1Rats fed dietary levels 
of 50. 100, 200; 300. 
1400; 500. and 1000 mg/kg 
fromvday 1 throughout 
gestation. 

No significant-adverse effects. 

No significant adverse effects. 

No observable effects. 

No gross or microscopic effects 
observed. 

No effects on number of pups per 
iitter or their weights at 
weaning.

1 

Johnson et a1., 1972 

' 

Suschetet et a1., 1974 

Geigy Agriculturai 
Chemica1s, 1971a 

National Research 
Councii, 1971. cited 
in U.S. Department of 
Agricuiture, 1978 

Peters and Cook, 1973
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Tab1esDe2. scontinued 

gflature of 
exposure 

Effects Reference Formu1ation Organism 

Atrazine Rat 

Atrazine 7 Mouse 

Atrazine Sheep 

Rats-injectedusubcutae 
neous1y~at:50;J100. 200, 
800; 10005 and 2000 mg/kg 
body Height on days 3, 6. 
and§9‘of.gestation. 

Females dosed with 46.4 
mg/kg from-days—5 through 
14 of gestation. 

ufiwes treated'with 15 
mg/kg/d throughout 

'pregnancy.‘ 

No effects on number of pups 
per Iitter observed at 1eve1s 
‘up-to 200umg/kg, »Leve1s of 
800 mg/kg or higher were 
embryotoxic. Resorptions occurred 
in;most‘of the 1itters. Critical 
day_of treatment was day 6. 

No significant increase inxfetal 
anomalies in three strains of mice 
tested. 

No adverse effects. .A dosage of 
'30=mg/kg/d ki1ied;pregnant and 
nonpregnant ewes in 36~to:60 d. 

Peters and Cook. 1973 

Mrak, 1969, cited in 
Hayes._1982 

Binns and Johnson, 1970} 
cited in Hayes, 1982
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