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Abstract 

A literature review was conducted on the uses, ' 

late, and effects of simazine on raw water for drinking ‘

I 

water supply, freshwater aquatic life, agricultural 
uses, recreational water quality" and aesthetics, and 
industrial water’ suppl_ies-. The-‘ i_n_fo‘rmation is ‘sum-- 
marized-'in this .publication. From it, water quality 

; guidelines for the protection of specific "water uses 
are recommended.- 

Résumé
, 

On a étudié la documentation relative aux 
utilisations, audevenir et aux etfets du simazine sur 
|’eau naturelle‘ utilisée comme eau’ potable non 
traitée, sur Ies organismes aquatiques en eau douce, 
sur l’utilisation de l’eau en agriculture, sur la qualité 
de I’eau pour les loisirs et I’esthéti_que, ainsi que sur . 

l’eau utilisée a des fins industrielles. Ces rense'i- 
gnements, résumés dans notre étude, nous per- 
mettent de recommander des seuils de ‘concentration 
de la simazine pour la protectio_n des diverses

' 

utilisations Ade l’eau.
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Canadian Water Quality (Guidelines for Simazine 

sounces, OCCURRENCE, AND ' 

CHARACTERISTICS 

Uses and Production 

Simazine is the common name for the chemical 6- 
chloro-N2,N‘-diethyl-1,3,5-triazine-2,4—d.iamine (IUPAC). 
It has the Chemical Abstracts Service (CAS) name 
2-chloro-4,6’-bis(ethy|amino)-1,3,5-triazine and CAS 
flegistry Number 122-34-9. Simazine is _a selective 
lriazine herbicide used for the control of annual 
broadleaf and grass weeds in numerous crop and 
non-crop applications. It is a member of the triazine 
group of pesticides (Knusli, 1970; Smith et al., 1982) 
and was first registered in Canada in 1963 (Agriculture 
Canada; 1989). .

‘ 

Uses of simazine inlcanadian agriculture include 
weed control in com, established asparagus, bird’s foot 

. trefoil, raspberries, loganberries, blackberries, highbush 
blueberries, alfalfa, apples and pears established 1 

yearor more, grapes, woody ornamentals, nursery and 
Christmas tree plantations, and pasture and rangeland 
(Agriculture Canada, 1989; Ontario 

' 

Ministry of 
Agriculture and Food, 1989). In" Nova Scotisa, simazine 
is registered in forestry. as a co_n_lfer release herbicide, 
and in forestry nurseries as a pre-emergent herbicide, 
using ground-spray equipment (P. Nei_|y, 1990, Nova 
Scotia Department of Lands and Forests, pers. com.). 
A list of the weeds controlled by simazine can be 
found in Table 1. 

(oranges, lemons,—and grapefruit) and deciduous fruit 
and nut crops, 20% to non-crop industrial areas, and 
19% to aquatic sites (U.S. EPA, 1984). 

Non—crop uses for_s_imaz’ine include non-selective 
weed control in industrial areas, at airports, and along‘ 
shelterbelts and rights-of-way," and aquatic weed 
control in ditches, farm ponds, recirculating water 
cooling towers, fish hatcheries, aquaria, fountains, and 
swimming.pools (Ghassemi er al., 1981; Worthing and 
Walker 1987; U.S. EPA, 1987; Agriculture Canada, 
1989). A common name for the formulation of 

In the United States, 36% of
, 

simazine marketed is applied to com, 25% to citrus
V 

3.0. Pauli, R.A. Kent, and M.P. wo'ng 

simazine added to ponds in the United _States is

I 

Aq‘uazine°, an 80% active ingredient (ai) wetta_bIe
, 

powder. 

, 
Simazine is generally formulated as a wettable 

powder containing varying percentages of- the 
technical-grade active ingredient. Canadian-registered 
compounds with simazine, as the sole ‘ingredient 
include Simadex Simazine 80W, a wettable powder 
made up of 80% simazinje; Simadex Simazine, a 
suspension containing 500 g‘-L“ simazine (both from 
the Nor-Am Chemical Company); Simmaprim 80W and A 

Princep 80W, 80% wettable powders from Ciba-Geigy 
Canada; a_nd Princep Nine-T and Simmaprim Nine-T, 
90% soluble granules from Ciba-‘Geigy Canada. 
Simazine can also be added to tank ‘mixtures with 
other herbicides, such as atrazine, amitrole, diuron, 
-monuron, and paraquat (Agriculture Canada, 1989) 
(Table 2). 

_ 

I 
A

. 

Duri_ng agricultural applications, simazine can be 
incorporated into the soilas a pre-plant treatment or 
applied pre-emergence to the soil surface; methods of 9 

Table 1. Weeds Sensitive to Simazine 

Annual Broadleaf Weeds
l 

pigweed 
la?dy’s-tluirnb 
la)rnb's-quarters 
purslane 
ragweed

, 

- volunteer clover 
(wild buckwheat 
smartweed 
plantain and gr‘oun'dsel 

. Annual Grasses 

barnyard grass _ 

crab grass 
wild oats 
yellow fox_tajl 
inost perennial species starting from seed 

Other Weeds 
A "fipond scum" .

_ filamentous algae, such as C hard and Nitella 
most emerged and submerged ‘aquatic vegetation 

Source: Ontario Ministry of Agriculture and Food. 1989.
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C-I-L Vegetation Killer 

Algimycin GLHB-X Algicide

\ 

Table 2. - Sirnazlne Tanlr Mimics Registered ‘in Canada 

"Mixture Components - 

Amazirrc 
t 

A.rniirolc+simazine 

X-All Liquid _Amitrole+sirnazine 

Ekko 
I 

.'Atra;iijre+si_mazine
’ 

Ma’8-X-S'tri,ns 
__ 

Atrazitpe-Fdillron+siInazitI.e 

A.mltro|c+r-simazine 

Aqua-Bioticjs) Algae Destroyer Atrazi,ne+d/'icl‘1lorrc+mfo'riuron 

+simazine
' 

Atrazine+monuron+sima.zine
I 

I 

Algimycin'.400 
‘ 

r POD'+simaz_ine . 

Terraklcne V Paraquat+simazinc 

Mag-X-cide _. ‘Atrazine+diuron+sir'nazi'ne 

Latcris Calcide. .Arnitro|e+simazine 

Swirnfmc Non-met,a,_ll_i,c' POD+s_im_a_zin_e _ 

A: 

Algaccide 

Lal Ultra POD+sim'a"z‘ine 

Wcstem l’urity Biochjcinicar 
V 

PoD+sima;iuc « 

Algymicide 444 (Algyzine) 

Source = Agriculture Canada 1989 
X’ 

.'
. 

t 

_ 

TOD = poly(€.-Ayethylenetdimethyli.minio)e!hylcne(dimethylimixiio) 
et_liyle'ne -dichloride). 

application are broadcast or band (Ontario Ministry of 
Agriculture and Food, 1989). Agricultural application 
rates are usually 2-4 kg-ha", but non-crop vegetation 

_co’_ntro| rates may beas high as 20 kg-ha". For aquatic 
irveed control, simazine is applied to yield water con-_ 
centrations of 0.5-2.5 mg-L“ on a water-volume basis 
(Smith et al., 1982; Jenkins and.Buikema, 1990). 

In Ontario, in 1978, 8280. kg of simazine were 
1 

used on field crops-, fruits, vegetables, and roadsides ~ 

(Roller, 1979). In 1983, 3000 kg were used (McGee; ' 

1984). in 1988, 7860 kg of simazine were used on field 
crops, fruits, and vegetables (Moxley, 1989). This 
indicates a fairly constant‘ use _of theherbicide in the

' 

province over 10 years. In Nova Scotia, a survey of 

19868 Briggins, 1990, Nova\_Scotia.Departrnent of 
t 
the Environment, pers. com.).7Sale‘s of simazine in 
Alberta have been reported toaverage about 3 t 

' 

per year over the years 1981-86 (H.P. Sims, 1990, 
Alberta Environment, pers. com.). in" 1986, 62 t of 
formulated simazine and 1615 t of technical-grade 
simazine were imported into Canada (Statistics 
Canada, 1987). in 1987, 219 t of formulated simazine 
and 1684_t oftec‘hnica| grade simazine were imported 

' 

) 

(Statistics Canada, 1988).
" 

Physical and Chemical characteristics 

Simazine is known" as an s-.triazine because of 
the symmetrical orientation of the nitrogen atoms on 
the triazine ring. Its’ structural formula is shown in 

‘ Figure 1. The U.S. EPA (1984) reregistration guide-i 
line for simazine and Worthing and Walker (1987) list 

- its American trade names. V 

3
A 

K". 
‘ cH,cH, .

— E N<CO.CHzCl'V) ‘ 

\ 

CHC»l-l2_O.CH3 

CH3’ t:H»3
' 

FlgII_re 1. Structural formula in: simazine. 

The physical and chemical properties of simazine 
are summarized in Table 3. Simazine is a solid at 
room temperature and standard pressure and has a 

_ 
row vapour pressure (8.17 x 10" Pa at (20°C) and 

major pesticide retailers indicated that nearly 2000 kg
‘ 

of. the active ingredient_ in simazinewere sold .in_

2 

octanol/water partition coefficient (log K”, = 1.9). 
Reported ‘aqueous solubilities for simazine at 20°C 
range from 3.5 to 5.0 rng°L".- Glotfelty eta]. (1984) 
calculated an adsorption constant (Kd) of 12.5 and an 
organic. carbon/water partition coefficient (Kw) -of 284 
on a)sed'im,ent that had an organic matter content of 
4.4%. (The unitless K, was calculated from initial and 
equilibrium , herbicide conoen’trations in a sima-

/ 

zine-sediment solution determined by liquid scintilI'a- 

tion counting of ring-labelled simazine after 24 h of 
agitation on a mechanical shaker. The K” was calcu- 
lated as the K, divided by the percent organic matter 
content of the sediment, then multiplied by 100.) 
Reported .soil adsorption constants (K,, = amount of 
herbicide adsorbed in mg-kg" divided by‘ the solution 
concentration in mg‘-L") ranged from 1.0 to over 21 
and were related to soil organicmatter content, cation 
exchange capacity, _and clay content‘ (Talbert and- 
Fletchall, 1,965).

’ 

-A‘...



Table 3, 
. 

Physical Chemical Properties of Sl_n_I_a_zlne 

Property Value 

Ch.em.ical fo.n.nu|.a CvHuC.|Ns"’ ‘ 

Molecular weight 201.7 .

* 

Elemental analysis C, 41.68%; H, 5.95%": N, 
17.58%; 0, 34.7l% 

Physical state Colourless powder") 
Specific gravity . 1.302 .g‘-crn" at 20°C" 
Melting. point 225°C)-227'°C (with 

' 

decomposition) 
Boiling point Not determined 4 

Vapour pressure - 

Henry's law constant 
Aqueous solubility 

Solvent solubility 

8.1 x 10” Pa at 20°C“) 
(5-07 X W’ ntmfls) ‘ 

0.00034 Pa-‘tn,’-'rn'ol'"2’ 
5 mg’-1;‘ at 20°C” 
2 mg-.L'i at 0‘-’C“’ 
3.5 mg-L" at 20°(3_”""’m 
84 mg-L" at 85°C” 

- chloroform 0.09 g’-L" at 20°C" 
- diethyl ether 0.3 g-L" at 20°C“) 
- light petroleum . 0.002 g-L" at 20°C" 
- n1ethan_ol 

' 

0.04 g-L" at 20°C" 

Log K" (estiniated) 2.l8
‘ 

, 

- 1.9 

K, '0.l4O m’-kgim’ 

pig 1.65"’ 
1.7”’ 

' ‘ High mobilization in soil (McCall er al.. l9_8l). 
“’Wn'l_1l_iirig and Walker, 1987 
"’ Suntio er al., 1988 
°’ Weed Science Society of America, 1983, 
in er al., 1988 
5’ US.‘ EPA. I987 
5“ Technical Data‘ Services, 1986 
0’ Jury er a_l_., 1987 m Dubach, 1.970 

lllI_ode of Action 

triazine herbicides, including simazine, are 
"potent inhibitors of the Hill reaction of photosynthesis 

. (Esser at al.‘, 1975; Brylogle and_ McDiffett, 1979). The 
triazines interfere with the complex of biochemical re- 
actions involving »phytok_i:n_i,r_i, and indolylacetic acid, 
which affects protein synthesis (Knusll, 1970).‘ The 
interterence of the Hill reaction by" simazine was 
studied by Moreland et al. (1959)'usi_ng chloroplasts — 

isolated from barley plants. Simazine inhibited the 
photochemical activity of the isolated chloroplasts, as 
evidenced by a decrease in the red_uction of terri-. 
cyanide. Other postulated mechanisms for the herbi- 
cidal activity of simazine include plant growth regula,-_ 

tionand eftectsion nitrogen and nucleic acid metabo- 
lism (U.S. Department of Agriculture, 1984). Leblova 
and Bot/’en_sl<__a (1987) found that simazine inhibited 
alcohol dehydrogenase in germi_na_ting peanut seeds 

A 

through a competition with nicotinamide adenine dinu-
_ 

cleotide (NAD) for the enzyme binding site‘. 

The means of resistance to simazine is the ability 
of certain plants, such as corn, to convert the com- 
pound to the herbicidally inactive 6-hydroxy analogue 
(Worlhihg and Walker, 1987), There are three major 

0 

degradative pathways for simazine in plants, animals, 
and soil: hydrolysis of the substituent group at C2, 
stepwise dealkylation at t_he C4 and C6 sites, and the .. 

splitting of the triazine ring (Kn't';i‘s_,Ii‘,» 1970). Simazine 
is quickly metabolized by tolerant plant species to 
hydroxysimazine and amino acid conjugates. Hydroxy- 

'sim_azin_e can be further degraded by dealkylation and 
hydrolysis of amino groups. The accumulation of un- 
altered simazine in sensitive plant species causes 
chlorosis and death, (Funderburk and ‘Davis, 1963; 
Brytogle and Mcpittett, 1979; U.S. EPA, 1988). 

Methods of Analysis 

Current analytical ‘methods for simazine i_nc|ude 
gas—liquid chromatography. (GLC) and high-perior-i 
mance liquid chromatography (Worthirig and Walker, 
1987). Various detectors for GLC have been used, 
_i_n,cludi,ng alkjali flame ionization detector (AFID), 
*nitrogen—’phosphol"us .de.tector’('NPD), Coulson con- _- 

Cductivity detector, flame ionization detector (FID), 
electron capture detector (ECD), and photoion_ization 
detector. Mass spectrometry‘ (MS) an_d liquid chroma-. 
togiraphy (LC) have been used, and combined LC/ MS 
methods have been developed. Lee and Stokker 
(1986) used GLC\with NPD to achieve a detection limit 
of 0.025 ‘ug-'L'l‘ for simazine spiked into water samples. 
Richards et al. (1987) used dual-column capillary GLC 
with NPD in their study of pesticides in rainwater; the 
detection limit. was 0.25 pg-L“. Bagnatlet al. (1988) 
used GLC with selected-ion recording MS to detect s- 
triazine residues -in groundwater at concentrations as 

- low as o.o3 ug-L-'. Detection limits of about 5-10 
ng-L" using GLC/MS with an NPD detector have been 
achieved for simazine in water (Vlden et al., 1987). A 
Cf_lC equipped with an ECD or.N+P thermionic selective 
detector was used by Pionke at al. (1988) to achieve 
a minimum detection limit, of 3 ng-Li‘ tor si_maz_ine in 

' 

wateri_Fin'al|y, Alb_anis»eta’I. (1986) used GC with ECD 
and FID to achieve a minimum detection limitof. 
0.2 ng-L“ tor simazine in water. Selim et al. (1989) 
recently used a bioassay with the aquatic flowering



plant Eurasian watermilfoil (Myriophyllum vspicatum) 
to detect a concentration of simazine in water of 
20.2 pg-L": they listed simplicity and inexpensiveness 
as the advantages of the method. - 

A. 

Entry into the Environment 

TransIocat_ion of simazine from agfiricultu’ral applica- f 

tions to surface waters may resultfrom spraying di- 
rectly into watercourses, from vapour drift and p_recipi- 
tation, and from surface runoff and groundwater intru- 
sions from treated lands. As simazine is registered for

_ 

use as an aquatic herbicide, it is, also added to water-' 
courses and ditchbanks.

' 

Richards et al. (1987) detected simazine in 
rainwater collected at fourstations in the north-central 
United States. Simazine was detected in 8-23 of" the 
30 rainwater samples collectedat each station, at con- 
centrations rangingfrom below‘ 0.1‘ to 0.5 pg-L". 
Simazine has also been found in fog, with concen- 

' 

trations at sites in Maryland and California ranging 
from 0.045 to 1.2 pg-L" in the fog water and below 
q.2 pg-L" in the "interstitial air" of the fog (Glotfelty 
er al., 1987). -

‘ 

-Accidents‘, and spills of simazine have been‘ 
reported to contaminate surface waters (Frank etal.-, 
1982). These include mixing herbicides or cleaning 
equipment close torwatercourses-, spills into water, and 
seepage fromdiscarded containers. Frank et al. (1982) 
estimated that of the total 2-year loss of simazine from 
11 watersheds in southern Ontario, 43%.was due. to , 

storm runoff and snowmelt events, 56% to "spills," 

spray drift, and direct application to streams, and 
A 1% to "baseflow" from internal soil drainage. The mean 
loss was calculated to be 26 mg.-ha" for 1975-76, and 
8 mg-ha" ‘for.1976—77. Theratio of application to loss 

A 
in the first year was calculated to be 0.0007. 

Reported levels of simazine in agricultural runoff 
are summarized in Table 4. Triplett etal.u(_1978), for in- 
stance, examined residues from eight conventional and 

' 14 no-tillage watersheds over 3 yearsin Ohio. The ' 

watersheds, planted to corn, were small (0.4:-‘3.-5 ha) 
and sloped (89/o:—22°/o). The highest simazine concen- 
tration in runoff, 1200 pg-L“, occurred during the first: 
runoff event (22 d post-treatment) from a conven- 
tionally tilled watershed. Herbicide losses and runoff 
‘from the no-till watersheds were lower. This reduction 
in runoff was attributed to increased infiltration 

and resistance to overland flow by’ the mulch cover. 

/‘ 

The maximum annual loss from any watershed was 
' 5.4% (0.123 ‘kg-ha") ofthe initial application. 

Glctfelty et al. (1984) studied the movement of 
(simazine from gcomfields to the Wye River estuary in 
Maryland. The total amount of herbicide reaching the 

. water-depended upon the quantity applied and the tim- 
ing of runoff with respect to the date ofapplication. in 
a year when runoff occurred 2 weeks after application, 
about 0.3% of the herbicide moved to‘ the estuary. The 

' concentration of simazine peaked near _300 pg-L" in . 

‘the first ru_noff, but this level declined rapidly, and. 
runoff losses effectively ceased (detection limit. 0.01 

‘pg-Lf‘) after about‘6 weeks. 
_ 

_» 7. 

Glenn and AngIe_.(1987) ‘conducted a 5-year study
, 

in the coastal piedmont region of Maryland on a loam 
soil that was planted to corn and cultivated using con- 
ventional and no-tillage techniques. Two small water- 
sheds with 6%—7% slopes were treated wlthsimazine ' 

at 2.2 kg ai-ha". The maximum concentrations of 
simazine in runoff were 456 r.rg-Il;'.‘?’_,from the con- 

.ventionaiiy tilled field and 210 pg-‘L-" from the no-til] 
field 2 weeks after herbicide application. These con- 
centrations decreased to 4 and 0.6 pg-L7‘, respec- 
tively, after 18 weeks. The total runoff loss ofsimazine - 

from the conventionally tilled and non-tilled fields was ' 

0.52% and 0.36%, respectively, of that applied. 

’ 

Simazine may also enter the aquatic environment 
as a result of ditchbank applications for weed control. 
Anderson et al. (1978) studied concentrations of sima- 
zine residues in irrigation water after simazine applica- 1, 

tions of 2.25-7.43 kg-ha" to sections of the banks 
of flowing and dry irrigation canals in California, 

‘ Colorado, and Washington. Residue concentrations‘ 
found" in flowing canal water immediately after ap- 
plication to -one bank of the canal did not exceed 
60 pg-L". In the first-flowing water collected 4-6 
months after application to one bank of dry canals, the 
maximum reported ‘simazine concentration was about 
-250 pg-L" (from an application of 4.5 _kg-ha"). This 

' concentration decreased rapidly, however," to less 
than 5 pg-L" i_n the fourth volume of water passing 
through a sampling point located at _the downstream 
and of the treated section.- ‘ -~ ‘ 

In a similar study undertaken Saskatchewan 
by Smith et al. (1975), simazine-was applied to.

' 

’ 

irrigation ditches in the fall of 1970 at a rate of 22.4 
‘kg-ha". ‘ 

1 » « -



Table 4. Slmazlne Residues in ttunorr From Agricultural I.l.and 
‘1 

Plot description Formulation 
’ 

Application Method of Residues in - Tjrne 
' 

(soil type/crop) . (_% at)" rate (kg-ha") Application « runoff (mg-L") p‘<>.‘§t-'t,r,e§:t_r_n'=nt__V Rcféfence 

Chesapeake-Bay. 1984 wettable ~ 1.68 — ~0.3,00V 
_ 
2 weeks Glotfelty et ‘al., 1984‘ K 

20 ha. 0%—2% slope, powder Effectively 0.0 6 weeks 
silt loam soil, corn

_ 

coshocton, onto, ... = 
4.43 —_ 1.2 

‘ ' 

22_d, first runoff Triplet! er al., 1978 
non-glaciated soils, ’ 

' 

. 

‘ 

event ' 

conventional tillage, 
com 4 

’

v _ 224 — 0.65 - 22 d first runoff 
‘ 

even:
_ 

it, 

0 
‘ 

'

. 

Coshocton, Ohio, - + ’ 

2.24 4 
— 027 10 d first runoff Triplett et al., 1973 

non-glaciated soils, 
’ " 

cvenl ' 

no tillage. com 
_

- 

‘ —- 1.68 — 0.42 4 cl, first runoff ' 

' 

' 

7 event 

Howard County, 100% 2__._2 Pre-emergence 1979 
' 

' 

Glenn and Angle, 1937 
Maryland. 0.37 ha, 6% 0 

0.456 2 weeks 
' slope. coarse loam, ' 0.004 l6 Weeks "pH 5.9, 2.7% OM, 1981 ‘ 1. 

conventional tillage, 
' 

- 0.002 4 weeks 
corn 1982_ g 

0.001 
K. 

1 week 
_ _ 

Howard County, 100% 2.2_ Pre-emergence 1979 
g 

Glenn and Angle, l987 
Maryland, 0.26 ha, 1% ' ' 

_ 

0.210 / 2_’w_mks 
slope. coarse loam, 0.0006 ' 16 weeks pH 5.9, 2.7% OM, ‘ 

1981, 1982 
. no tillage, corn 0.0 4 and l weeks, 

respectively 

Om = organic matter 

Simazine concentrations intwater immediately after 
the first filling of the ditches in June 1971 were 
approximately 700 pg-L". The first irrigation waters 
collected during the same month contained simazine 
at a concentration of about 150 pg-L". The second 
irrigation waters, collected in September 1971 (12 
months after application), contained about 70 ug-L“. 
Concentrationssteadily decreased, and nodetectable 
simazine residues were recovered in waters collected 
during the tenth filling of the irrigation ditches in 
September 1973. 

Wind erosion is another potential mechanism by 
which simazine may ‘be translocated to non-target 
areas. Gaynor and MacTa'vish (1981) reported that 8 d 
after application of granular simazine at 4.4 kgoha" to 
field plots in southwestern Ontario, an early spring 

windstorm removed 43% of the applied herbicide.‘ 
Simazine wasdeposited 2.5 m downwindat concen- 
trations ranging from less than 0.1 to O_.2 kg-ha“. 
These concentrations were in the range. of 

A 

phytotoxicity for susceptible crops. 

_Airborne simazine has also been found in dust 
; at pig-fattening farms in Russia (Raszyk; 1986). A 
mean simazine concentration of 0.060 3:10.020 mg-kg"‘ 
was found on deposited dust particles, but no further 
details were provided. 

_

‘ 

Concentrations in Water, Sediment, and Blota 
— Concentrations of si_mazine in water, sediment, 

and biota are summarized in Appendix A_. Reported 
surtace water concentrations range from below



‘detection limits to a maximum of 1300 pg-L", found in 
an American surface water sample (U.S. EPA, 1987). ' 

"Frank et al. (1979) reported simazine residues in 
water samples taken at the’ mouths of Canadian 

’ 
streams flowing into the Great Lakes» from southern 
Ontario. In July 1977, simazine was detectedin 26 of 
the 92 streams sampled (one sample per stream; de- 

_ 

tection limit 0.02 pg-L"), with a mean concentration of ' 

0.2 pg-L". The highest reported concentration in the 
water of any stream. was 6 pg-L". The results of the 
stream water analyses on a watershed basis are pre- 
sented in Table 5. 

'

t 

Table 5. Concentrations of Simazine Residues rln_-Canadian Streams 
Flowing Into the Great Lakes _I ‘ 

Location - No.‘of streams Simazine concentration .( gg-.Lf'). 
(stamples) Range Mesh" - 

Lake Ontario ,_ 39 ND-6.0." 03 
Lake Erie/Niagara River‘ _ 

23 - ND-0.6 <0.l 
Lake St. Clair and . 

St. Clair Rivcrl 
' 

’ 

. 
l

' 

Detroit River ll - . ND-0.9 
, 

0.1 

Lake Huron - 19 ND—2.7 . 0.1 

ND‘; not 

No simazine was found (detection limit of -0.05 
pg~L") in 4/5 suspendedsolids samples collected from 
the‘ mouths of 12 Ontario streams from 1974 to 1976, 
(Frank et al., .1979). Similarly, no simazine was de- 
tected on -30 suspended. solids and stream bed sedi- 
ment samples collected at the mouths of the Grand 
and Saugeen rivers, Ontario, during 1976-77. r_S_im'a- 
zine was found ata mean_concentration of 1.2 ng-L" 
in the water at the mouth ofthe Grand River and at 0;3 
ng-L" in the water at the mouth of the Saugeen River 
(Frank, 1981). 

‘ 3

. 

Roberts etal. (1979) reported finding simazine in V

A 

132 of. 320 water samples (37%) collected from the 
Hillman Creek -watershed in southwestern Ontario _. 

during 1973-75., Concentrations ranged from less than 
0.02 to 3.6- pg~L", with a highest reported monthly 
mean of 0.3 pg-L". No simazine residues were found 
in 33 whole fish samples oi three fish species at the 

»- same location. 

Frank and Logan (1988).Hstudied pesticide loading 
in three watersheds -in agricultural areas in south- 

' western Ontario. They collected 440 river-mouth water 
samples between January 1981 and December 1985. 

A 

Simazine was not detected in water samples collected . 

‘during the pretreatment period of January-April (detec- 
tion limi'_tU<0.-02 pg-'L“)‘.' During 1 typical year of the

' 

study (1983), -260 kg or simazine were applied to the 
‘679 000-ha area of the Grand River basin. Simazine 

» was‘ not detected in any of the 95 river-mouth water 
samples collected from this _basi_n over the 5 years of 
the study. Also during 1983, 10 kg of simazine were 

' applied to the 399 840 ha of the Saugeen River basin; 
‘ one of 143 river-mouth water samples co||ected‘cor_l- 
tained simazine, (at -a concentration of 0,1 pg-L"). 
During the same year, 520Vkg of simazine ‘were ap- 
plied to the 684 000-ha area of the Thames River 
basin. Of 202 river-mouth water samples collected 
over 5 years, simazine was detected in eight samples 

._ 
at a mean concentration. of 1.1 pg-L". 

Frank et al. (1987a, 1987b) investigated pesticide 
’ contamination of farm wells in southern Ontario from 
1979 to 1984. Simazine was detected in 4’ of 1 12 Wells 

I 

where cointaminaiion from surface runoff or spray drift 
was suspected (maximum concentration 6.0 ),lg°L", de- 
tection limitt0.1 pg-L"), and in 6 of 48 wells where 
contamination as a result of spills was suspected." In 
the latter wells, a maximum concentration of 2070 
pg-L“ was measured 1 d after a herbicide‘ tank mixture 
had been back-siphoned directly into a 7-m dug well 

- (Frank et al., 1987b). In the 1984 iarm well water 
su_rvey (Frank et al. 1987a), simazine wastnot de- 
tected in any of the wells surveyed (detection limit 0.1 
pg-L"); however, the pesticide was used on’ only one 
ofthe 91 farms included in the survey. During follow- 
up studies, 179 wells were ‘sampled over the years 
1986-1987. Simazine was used on four farms in both 
years, but no residues of the herbicide were detected 
in any of the wells (Frank at al.,’-1990a). Frank (1986) 
summarized the well surveys by reporting that 15 
of 596 farm -wells in Ontario that were suspected of 
pesticide contamination and were sampled between 
1969 and 1984 were found to "contain simazine. The 
main, causes of the contamination were -storm runoff, 
spray drift, and spills. During these studies, between 
1971 and 1985,.water samples fromI211 rural ponds 
in Ontario we're also analyzed forpesticide residues 
(Frank et al., 1990b). Simazine was found in 10 of the 
ponds; eight instances of contamination resulted from 
surface water runoff, into the ponds. (mean concentra- 
tion 10 pg-L", range 0.1—3.0_ pg-L"), and two "in- 
stances occurred ‘because of spills (mean concentra- 
tion 1470 pg-L", range 246-2694 pg-L"). 

Ripley et al. (1986) sampl_ed_ well water at 291 
farms in Ontario in 1985. Six wells had sl_mazine levels



above The authors cited the incidence of. 
spills, careless handling of "pesticides, and thefaulty or 

_' poor construction of the wells as the cause of much of 
the contamination. 

A recent survey of 145 farm wells for pesticide 
contamination in Nova Scotia ‘revealed five welilswith 

- simazine concentrations ranging from 0.22 to 3.4 ug~L" 
(detection limit 0.02 ug-L“). Several traces of desethyl 

‘simazine were also detected (D.R. Briggins, ,_1990, 
Nova Scotia Department of the Environment,_ pers. . 

com.). 

In other provinces, no tsima_;_ine was detected in 
77 water samples from Quebec, New Brunswick, and ‘ 

Alberta -(Bailey, 1985; O'Neill and Bailey, 1987; 
NAQUADAT, 1989; AEC, 1989)._ Detection limits 

— ranged from 0.05 to 1.0 ug-L". No simazine was found 
in 54 New Brunswick sediment_ samples (Bailey, 1985; 
O'Neill and Bailey, 1987). In Quebec, concentrations of 
0.4, 0.3, 0.2, and 0.2 pg-L“, respectively, were 
measured for the municipalities of Saint-Hyacinthe, 
Bécancour. Nicolet, and Sorel (I.-Giroux, 1989, 

' 

Ministers de l’environneme.nt du Québec,"pers. com.). 

Simazine has been found as a frequent co_n- I 

taminant of water i_n Europe. In ‘central Europe, 82 of 
118 water samples collected from nine streams during 
1976-77 contained simazine residues (Hormann ef al., 
1978).. However, no sample.contained more -than 1_0 
pg‘-L" of simazine. Simazine was found very frequently 
in the Po River in Italy (Galassi et al.', 1989), and 
concentrations ranging from below 0.01 to 0.06 ug~L" 
were discovered in samples taken from raw water 
sources and finished (treated) drinking water sources. 
Also in Italy, Bagnati et al. (1988) found simazine 
in ‘wells (maximum concentration 0.2 ttg-.L")., Albanis 
etal. (.1986) reported simazine concentrat'ion's in 
surface water ranging from less than 0.2 ng-L" (the 
-detection limit) to 80.2_ ng'-L" in an agricultural» basin

f 

lowted in northwestern Greece. . 

Monitoring studies have reported simazine in the 
surface waters of 22 states in the United States (U§.S. 
EPA, 1987). Simazine was found in a total of 877 of 
5067. (17.3%) surface water samples and_ in 229 ‘of -

‘ 

2282 (10.0%) groundwater samples. The. maximum 
concentration found in the surface waters was 1300 
pg-L", and in the,grou_ndwat/er,‘ 800 pg-LT‘. In a study 
by Monsanto reported ‘by Wnuk et al. (1987), simazine 
was detected in one of 130 untreated surface water 
samples in Iowa (detection Iirriit 0.27 ug'L") and in 
none of the 140 samples of treated water collected 

(detection limit 0.2 iig-L"). Howell and Ries (1972) 
found no simazine in a stream running through an 
agricultural area with "heavy use‘-' of simazine in 
central Michigan (no further details were provided). _ 

Pion_k_,e at 'a/. (1986) tested water from 18 wells- 
and two springs in agricultural areas of Pennsylvania. 

_ _ 

Simazine was found in three wells with a concentration 
range of 0.049-0.170 pg-L". Fishel and Lietman 

A (1986) also sampled groundwater in Pennsylvania and 
detected a maximum concentration of 3.4 pg-L" during 
the summer. In 1985, Pionke et al. (1988) found, 
simazine in groundwater collected by 3 of 20 wells and 
piezometers (sunk. into a 740-ha watershed in 
Pennsylvania. In 1986, six‘_ofthe wells were found to 
be contaminated, whereas five more had simazine in 
trace concentrations "(detection limit 0.003" pg-L“). 
Measufreable “concentrations in the -2 years ranged 
from 0.01 to 0.170 pg-L“. Well contamination oc- 
curred in spite of the fact that simazirle was applied in 
proximity to one well only. 'Co_h_e_n et al. (1984) re- 
ported that simazine was found in 6 of 166 wells 
sampled in California, at concentrations between 0.5 
and 3.5 ugL“.. More recently, Cohen et al. (1986) re- 5 -- ; 

ported that simazine had been found in the ground- 
water of three states (California, Pennsylvania, and 
Maryland) at concentrations typically ranging between 
0.2 and 3.0 ug-L"‘_. ' 

I 

'
’ 

Environmental Fate, Persistence, and Degradation 

Soil 

The fate of alherbicide in soil depends on ‘a’ 

number of interrelated factors, including the type 
and rate of application, the physical a_nd chemical 
properties of the herbicide and the soil, the climatic’ ‘ 

’ conditions, the amount of leaching, microbial activity, 
chemical decomposition, volatilization, photodegrada- 
tion, and plant uptake -and metabolism (Ivey and 
Andrews, 1965; Reed and Holt, 1982). Laboratory. 
studies have indicated that soil degradation of. sima- 
zine results from both éhemlcal and biochemical pro- 
cesses (Jordan etal., 1970; Esser et al., 1975; Smith, 
1985). Non-biological detoxification of simazi_ne in’ soil 
can occur. through photodecomposition, phototrans- 
formation, volatilization, and hydroxylation and dealkyl— 
ation reactions (Jordan et al., 1970). 

Microbial degradation may be the dominant. path- 
way-ofsimazine degradation in soil (Weed Science 
Socielv of America, 1983). Kaufman and Kearney 
(1970) listed the numerous. soil ‘microorganisms



capable of degrading the herbicide. Studiesgwith the 
‘C 

- soil microbe Aspergillus. fumigatus showed’ that the 
organism degraded simazine th_rough dealkylation or 

‘ deamination reactions, or both, of the. side chains, 
without the production of hydroxysimaiine (Kaufman 

, et al., 1965). The authors concluded that cleavage of 
the triazine ring was unlikely during their experiments. 

Laboratory experiments have shown that photo- 
decomposition of simazine will occur (Jordan at al., 

- 

i 

1970). Comes and T”immons (1965) studied the photo-' 
decomposition of soil-applied simazine exposed to 
sunlight. Simazine loss was 25% during the first 25 d 
of the spring. Soil temperatures were high-,_ however 
(65,°G-82°C in the summer), and volatilization as well . 

as photodecomposition may have contributed to the 
loss. Although the relevance of photodecomposition to 
the loss of simazine applied to the soil remains unclear 
(Jordan. at al., 1970), the Weed Science Society of 
America (1983) considered the lo_ss of simazine by 
photodecomposition under normal climatic conditions 
to be insignificant.

' 

Studies with radioactivelylabeljled simazine have 
shown that simazine will volatilize from metal plan- 
chets, and from sand and clay substrates, at elevated 
temperatures (approximately 72°C) (Davis etal., 1959).

' 

Jordan et al. (1965) noted a rapid loss of simazine 
from metal planchets at 43°C in the dark. Foy (1964) 
reported a 35% loss of simazine in 24 h at 25°C from 
nickel planchets. Kearney ef al. (1964) noted that 

_ 
volatilization proceeded more slowly from soil than 
from__metaI planchets. They reported a 10% loss of 
simazine from soils maintained at 35°C for 72 h and a 
half-life of 2 months at 71°C—74°C. The‘ low vapour 
pressure of simazine (8.1 x 10’ Pa at 20°C) may be 
the reason that the Weed Science Society of America 
(1983) concluded that loss of simaz_ine from soilby 
volatilization is inconsequential.

‘ 

Non-biological hydroxylation of simazine may also 
occur (Jordan at al., 1970). Soil treatments with the 
microbial inhibitor sodium azide at 200 mg-kg‘? did 
not prevent the accumulation of hydroxysim_azine, in- 

dicating that hydrolysis was occurring in the absence 
of microbial activity (H_a_rris, 1967). No data were pre- 
sented, however, on the amount of microbial inhibition _ 

occurring as a result of the soil treatments. It has been 
concluded that the amount of organic matter in the soil, 
‘bewuse of its‘ catalytic properties, enhances the non- 
biological hydroxylation "of simazine (Esser et, al., 

- 1975). 

_ 

‘The factors that influence. the leaching of simazine 
through soil include its adsorption relationships with 
soil colloids, the physical properties.of the soil, the 
amount of water passing through the soil, ‘climatic con- 
ditions, and , the aqueous solubility of the herbicide 
(Hall and Hartwig, 1990). Simazine, as a weakly basic 
herbicide, is protonated to a cation in water or soil 
solutions; _the protonated herbicide can then be ad- 
sorbed on soil colloids (Kalouskova, 1986). These 
adsorption processes are pH—dependent, with adsorp- 

, 

tion occurring most readily at pH 1.7, which is equal 
‘to the pK,_ of the. herbicide (Worthing and Walker, 
1987). Adsorption decreases with increasing pH‘ as 
the amount of protonated herbicide» decreases. 
Kalouskova (1986) found that the interaction between 
simazine. and humic acids involved the formation of 
ionic bonds, hydrogen bonds, and physical adsorption 
by van der Waals forces. , 

Simazine exhibits very .complex leaching be-_ 
haviour insoil (Day at al., 1968;’ Hance, 1984) but 
generally has limited mobility (Roadhouse and Birk, 
1961; Helling,-1970; Smith etal., 1975; Reed and Holt, 
1982; Jensen and Kimball,- 1982; Hall and Hartwig,_ 
1990)._(As mentioned above, its presence intwells and 
groundwater can often bevexplained by spills or mis- 
handling.) Simazine readily adsorbson muck and-soils 
of high organic matter and clay content and has little. 
tendency to |_each either vertically or horizontally in 
these soils (Nearpass, 1966; Scott and Lutz, 1971; 

- Jensen and Kimball, 1982). Conversely, it has a rel- 
atively weak potential for adsorption in sandy soils and 
will more readily leach in these soils than other herbi- 
cides with higher water solubilities (e.g., prometryne) 
(Caro, .1976). . V 

The behaviour of simazine in soil may also in- 

fluence its phytotoxic properties. Upchurch et al.- 
‘ (1966) measured, at 17 field locations in the coastal 
plain of North Carolina, 14 characteristics of the soil, I 

_ 

climate, and biotic factors that might influence the 
phytotoxicity of simazine. These were correlated with 
plant phytotoxic responses obtained after normal 
and above-nonnal simazine applications. There was a 
strong, negative correlation between phytotoxicity 

and soil 
” 

organic matter content, which would in- 

dicate a decrease in available simazine -due; to 
adsorption. 

In a study by Day er al. (1968), the phytotoxicityof 
soil slufries of 100 g-"soil, 100 gtwater, and 400 pg 
simazine was measured using 65 different California 
soils. Simazine phytotoxicity was related to the organic 

~~~



matter content and cation exchange capacity‘ of the soil 
and the amount of simazine available in solution._The 
amount of simazine in solution was positively related 
to the sand content and negatively related to theclay 
content and cation exchange capacity. Si_mazi_ne phyto- 
toxicity was more closely related to the organic matter 
content of the soil than to any of the other soil 
properties. The authors stated that no simple. model 
explains the relationsh_ip between soil and the bio- 
logical activity of simazine. Their data would suggest, 
however, that over 80% of the variability in the phyto- 

- toxicity of simazine in 65 soils could be explainediiby 
incorporating only three parameters in the regression 
equation: percent organic matter, cation exchange ca- 
pacity, and amount of simazine in solution; Earlier 
reports have also mentioned that adsorption of sima- 

. zine onto soil colloids accounts for a significant loss of 
phytotoxicity; the adsorption itself has been correlated 
with a number of soil parameters, but soil organic 
matter content appears to be the most important factor" 
(Bumside ef al., 1_963). 1 

Helling (1970) provided a summary of simazine 
mobility in soil. He concluded from an extensive litera- 
ture review that simazine was immobile in soil. Dawson 
et al. (1968) applied simazine "at 3.36 kg-ha" to a silt 
loam soil for 6 consecutive years and then analyzed 
persistence using an oatbioassay. One year after the 
last simazine application, 75% of the applied simazine 
(2.52 kg-ha") was found remaining in the 0- -to 5-cm 
soil layer; no simazine was encountered in the 20- 
to 30-cm soil. layer. Similarly, ‘Roadhouse and Birk 
(1961) found negligible movement of simazine below 
the 10-crn soil layer 1-2 years after field applications 
of 0.56 kg-ha" to 22.4 kg-ha". Most of the simazine 

V 
remained in the upper‘ 2.54 cm. 

"Soil properties influence the mobility of simazine 
Helling (1970) reported a study in which simazine 
movement through (four Swiss soils was compared. 
The soils were held in 17.5-cm leaching columns 
through which 20 cm of water were passed. In a soil .

_ 

with 27°/o—30°/o organic matter, no leaching occurred, 
‘ 

whereas leaching was limited to 7 cm in a soil with 24% clayi Moderate leaching (to 12 cm) occurred in a 
soil with 4.6%-4.9% organic matter and 11%-clay, and 
extensive movement (to 17.5 cm) occurred in asand 

' 

soil. Similarly, Hogue et al. (1981) compared the 
mobility of simazine through ‘soil columns containing 
two orchard soils from theokanagan Valley of British 
Columbia. The two soils were a sandy’ loam with 
70.1% sand, 4.8% clay. and 12.4% organic matter, and 
a loam soil with 39.5% sand, 22.4% clay’, and 3.8% ‘ 

organic matter. Simazine was more mobile in the 
sandy loam soil. . 

lvey and Andrews (1965) studied simazine 
movement in four soil types using laboratory leaching 
columns. After application of simazine at rates equiva- 

_ lent to 2.24 kg-ha", measured amounts ofwater (to 
depths of 7.6, 22.9, and 45.7 cm) were applied to the 
surface of the soil columns. After, the leaching runs 
were completed, the phytotoxicity at different soil 
depths was evaluated using an oat bioas__say. Simazine 

A

~ 

was leached the farthest in columns filled with a fine . 

sandy loam soil, followed byla silt loam soil. The least 
‘ 

leaching occurred in loam and clay loam soils. The 
latter two soils are high in clay, organic matter, and 
cation exchange capacity. No correlation could be 
made between pH and the amount of leaching of the 
herbicide. 

‘ ' 
'

. 

Field studies concerning simazine mobility in soil 
— have also been conducted. in a Hagerstown silty clay V 

loam, soil in Pennsylvania, Hall at al. (1989) bored 
_ho_rizontal channels 1.2 m under conventionally tilled 
(CT) and no-tillage (NT) comfields and installed 
plastic gutters to collect water percolating to this 
depth after rainfall events. A pre-emergence simazine 
application of 1.7 kg ai-ha" was made to the soil 
surface in May. ‘The mean concentration of simazine 
in NT percolates was higher (3.0 pg-L“) than in CT 
percolates (2.8 pg-L ‘). The maximum concentration of 
simazine in" NT’percoIa_tes was considerably higher 
(21.5 ttg-L") than in_ CT percolates (3.8 pg-L"). The 
percentage of applied herbicide leaching in 1985 was 
less than 0.1% for CT and 0.66% for NT. '

~ 

_ 

. 

~ Simazine residues were detected at all soil depths 
(i._e., to 1.2 m) in both tillage systems. The max_imum 
simazine concentration (122-pg‘-L") was recorded from 
the CT system during 1985. The loss for 1985 was 
1.56% for CT.and approximately 3.2% for NT. The 
maximum runoff loss of simazine was 0.6% (0.01 
kg-ha") under CT. The authors concluded that the. 
yearly differences were related to the number of 

' leaching events and their proximity to the herbicide 
application date. 

Hance (1984) reported the results of studies in 
which the leaching columns were cylinders of soil held 
in drainpipes driven into field plots. There was little 
movement of simazine over 16 months. The experi- 
ment was also conducted in the laboratory.where, with 
continuous leaching using 20.6 cm of water, the herbi- 
cide was more m_o’bile;- 7.5% of the applied herbicide



emerged from the bottomfof a 30-cm column’. How- ’ 

ever, as nearly 40% of the si_m_a;ine was retained i_n 

the top 1 cm, solubility, as well as adsorption, was 
apparently affecting the behaviour of the herbicide in 
the leaching column. Because the compound leached 

. 
in the laboratory columjn butjnot in the "field, the 
author concluded that laboratory leaching column '- 

studies may give a misleading indication of actual field 
behaviour. (I 

a /‘ 

Simazine still remained in the top 8 cm ot a silty ; 

clay loam and two loam soils in Nebraska 4 months
’ 

after application (Burnside et al., 1963);; Twelve months 
after treatment, cats were injured on all soils at all 

application rates (2.8. 5.6, and 11.2 kg-ha"). Yet there 
was considerable loss of simazine after 16‘ months 
from the 0- to 8-cm‘soil depth, with an average of only 
0.63 ug-g" in this layer 16 months after the 11.2-

‘ 

kg-ha" appli‘c_ation;. These data suppo_rt the conclusion 
of Dawson et al. (1968) that i_nj‘ury. to plants may occur 
if a sensitive crop is rotated onto a field to which 
si_maz_ine was applied the previous year. .

- 

Other simazine persistence studies are sum- 
marized in‘Table 6 and Appendix B. In two sandy loam 
o'rchard soils in-southem Ontario, sevento nine annual 
applications of 4.5. kg-ha“ resulted_in little accumula- e 

, 
tion of simazine; the-annual loss was over 95%. How- 
ever, the_he_rbicide and its ‘metabolite hydro'xy_simazine 
(a non-phytotoxic degradation product) persisted for up 
to 40 months in the soils (Khan and Marriage,‘ 1979). , 

Hydroxysimazine degraded more slowly than the
" 

. 
parent compound and residue levels of the metabolite 
were 40.times those of the parent sirnaz_in'e 28-48 
months after, the final applica_ti_on, No Vdealkylated 
metabolites of simazine were found. - 

_ 

Sirnazine degradation has been studied under field 
conditions in British Columbia, Al_berta,uSas__ka_tchewan, 
Ontario, and Nova Scotia (Smith 1982, 1985). 

’ 

Persistence of simazine was greater in the. western 
provinces, with carry-over after 52 weeks of over‘ 20% 
compared with about 10% in the eastern provinces. 
The author did not speculate on the reasohs.for this 
difference but mentioned earlier (Smith and Hayden, 
1976) that the climatic conditions = of western 

‘Canada’-—lojng,_,cold winters and hot, dry summers- 

» months after a May application ofsimazine. Residues 
were detected at the end of the growing season, and 

~ minimal deg'radation occurred ‘during the winter 
_ 

months. Minimal leaching occurred, as most of the 
residues were recovered from the 0- to 5-cm soil layer. 
The 5-month loss of simazine amounted to 65.7% of 
the herbicide applied, whereas the loss after 17 
.months ‘was approximately 78.3%". -In a southern 
Ontario field study, an average of 44% of the applied 
simazine (0.56—22.4 kg-ha") remained 47 d after a 
May application‘, and 8.4%, drernainejd 1 year after, _» 

' application (Roadhouse and Birk-, 1961).. 

In Poland, residues of. simazine toxic to oats 
did not persist beyond one growing‘ season in an- 
‘uncropped light loamy sand soil treated with 1.5 
kg-ha"_(Zurawski and Ploszynskl, 1968). However, at 
application rates of 5 andd10 kg-ha", si_mazine phyto- 
toxicity persisted until the following ‘summer (13 

' 

months). when applied at 25 kg ai-ha", phytotoxic 
residues persisted for up to 26 -months. The cultiva- 
tion of maize on the test plots led to‘ a more rapid 
dissipation of the simazine. Half-"lite values based on ~ 

the residues remaining in the top 20 cm of soil after 
application of 15-25 kg-ha“ averaged 4—4.5‘months 
for uncropped plots and 3-4 months for plots cul- 
tivated with maize." 

'

* 

In Sweden-, Torstensson (1974) found that a 2 
kg-ha" application of sim_azine left residues (con- 
centrations not given) in a silty clay soil (43% silt», 42% 
clay) at the end of the sampling period 99 d later. 

Allott (1969) found 80% simazine degradation in 

11—22.5 weeks in 1-966 and 1967, respectively, in the 
04 to scm soil horizon of asandy (66.8%) soil_in . 

. Northern , Ireland. 1 

may result in carry-over of herbiciyde residues in these
‘ 

areas. 

A 3-year study of the'persist_en‘ce of herbicides at 
three locations in Saskatchewan was conducted by 
Smith and Hayden ((1976). The‘ plots were sampled 5 

10 

~ Zirndah_l et at (1970) investigated degradation of
‘ 

simazine in laboratory studies conducted with loam 
’ soils at temperatures ci»13'.-2°C and 31.2°C. The 
results revealed a reaction with first-order kinetics and 
with no apparent lag period‘. Degradation proceeded 

' more.’.q‘uick|y at the higher temperature» (half-‘lite 

V 

approximately 2 months) than at the lower temperature 
(half-lite 5 months). 

, 
Thepersistence of simazinein soil has been 

studied extensively_ since the early 1980s as a result 
of an iinternational collaborative effort initiated 

by the European Weed Research Society (EWRS). 
The results from these experiments were summ_ar_ized 
by Walker et al. (1983) and Chen et al. (1983) (see 

_ 
Table 6). The laboratory studies consisted of incu-



Table 6. Soil Propertlesiand Half-llvis otslmazlne at(DI_ffere|_|t Locations
2 

~ Laboratory 
_ ; _ 

half‘-life at 
_ 
organic . Field Field 2_0°C and

‘ 
* carboil Clay Sand Silt capacity half-life 90% field 

L5¢acion'orsi:e <%)‘ 1%) <%) 
A 

(95) .1>..H; .....___.('gi,i;_..y/vv.) <4) . 
capaéity 

Regina, Sas‘katch'ewan~ 4.00 59 « 
1 

- 5 25 7.7 40.0 101- 114 

Alberta 
‘ 

1.25 32, 41 
\ 

27' 7.8 24.9 - 88 125 

Harrow, Ontario (1) g 0.52 5 [88 -7 5.2 

I 

14.0 53 52 

l-lat-row,-Or_1ta_Ii0(H) 1.50 8 78 
‘ 

14 5.5 23.0 ,3 53 71 

Suinmcrland, British Columbia 0.71 5 __ 79 
' 

15 7.5 10.0 38 42 
Uppsala, Sweden 350 

5 

42 
’ 28 30 55 28.7. 88 102 

Braunsehweig. Federal Re:pu_blic'of 0.99 12 49 '39” 6.5 _23.9 54 
5 

58 

Wageningen, Holland 2_._38- 3 89 8 
' 

5.5 18.3 51 '50 
5 

Maam, Holland‘ 1.40 .3 93 f_‘~._4 5.5 8.0 21 21 ‘ 

Warwick, England 
. 

1.30 20 75 ' 

5 __ 5.5 
5 

17.0 45 50 

Harpenden, England 1.75 35 '31 34 - 7.5 28.2 37 45» 

Oxford. England 2-.10 15 55 '19 5.8- 18.0 . 

‘~ 31 
_ 

-34 

Maiclstone. England 1.74 10. , 55 35 7.5 23.7 <14 -. 

Italy . 0.98 
in 

_14 59 27 5.7 23.0 39 
_ 

39 
Taichung, Taiwan (winter season) 0.83 31 42 27 5.2 30.3 24 55 
Taichung, Taiwan (gamma; season) 

' 

0.83 31 42 27 5.2\ 30.3 . 1s 55 
Taipei, Taiwan 

‘ 
1.04 21 7 32 47 43- 275 14 39 

1;ogor.Indo,n_csia 
, 

4140 25 57 17 . 4.5 9.5 <14 - 

Horotiu,New Zealand 9.40 15 » 58 18 
g 

5.4 42.8 
‘V 

<14 -- 

Source: From the Europe 
' No laboratory data available. 

ibating three soil samples, and field investigations 
consisted of spray treatments of fallow plots with ap- 
plication rates of 2-4 kg-ha"; Laboratory expen_ments 
revealed that in most cases degradation followed first- 
‘order kinetics. Significant correlations between labora- 
tory halt-lives and soil organic carbon» content, clay 
content, and pH were found, but the improvement over‘ 
a simple correlation with clay content alone was small; 
The survey also found that changes in ternperature 
from .10‘_’C to 30°C resulted in two- to five-told_ in- 
creases in degradation rates. The effect of soil mois-. 

. ture content on degradation rates was more variable. 
In some soils, the rate of degradation was reduced 
considerably when dry; half-lives at 0% f_ie_ld capacity 
were twice as long as those at 90% field capacity. The 
variability in moisture dependency of simafine degradation 

V11 

_ 
Weed Research Society collaborative studies. Adaptedfrom Chen er al. ([983) and Walker et ,al. 1983). 

rates was attributed to the differences between soils in 
the relative importance of degradation in the adsorbed’ 
and solution phases. The EWRS study produced field

_ 

half-life estimates for si_rnjazine ranging from less than 
14 d to approximately 100 d (see Table 6). 

The U.S. EPA (1987) concluded that under aer- 
obic soil conditions, simazine loss depends mainly-on 
soil moisture and temperature. In sandy loam soil, 
half.-lives can range from 36 to 234 l_n loamy sand 
and silt loam soils incubated‘ at 25°C—30°C for 48 

’ 

weeks, the half-lives were 1 14 and 179 d, respectively. 
Under anaerobic conditions, “C-simazine had a half- 
life of 56-84 d in a_ loamy sand soil, and about 30- 
139d in sandy loam and silt loam soils. The US. EPA 
(1‘988')'stated that the average half-lite of simazine



‘

r 

_ 

under anaerobic soil conditions is longer than »12 
weeks, whereas the half-life under aerobic soil con-’ 
ditions is 8-12 weeks. - 

' The various mechanisms by which simazine can 
degrade in soil/sediment and water-are-summarized in 1 

Table 7. : 

Water and 5ediment 

There is little in_forma_tion on, the fate of-simazine in 
water and sediments. .Bioaccumu_lation otgthe com- 
pound is negligible (see below), and volatilization to 
the atmosphere would not be a majorfate process (low , 

Henry's law constant of 0.00034 Pa-m3-moi"; Suntio ,. 

er al., 1988). The major paths of dissipation of sima- 
zine in water under field conditions are slow microbial 
degradation and, possibly,’ a sensitized photochemical 
degradation to N-dealkylated compounds combined 
with sorption tjo sediments and aquatic plants (Muir, 
1990) .

.

K 

Non-biological degradation of simazine can 
' occur, but there is only a slow hydrolysis of the com- 
pound at 70°C_in neutral solution; therate of hydrolysis 
increases outside of the.‘ neutral pH range (Worthlng 
and Walker, 1987). Burkhard and Guth (1981) calcu- 
lated hydrolysis half-life of 70 d in a buffer solution of 
pH 5 at 25°C; the hydrolysis product was 2-hydroxy- 
‘simazine. At pH 7 and 9, the hydrolysis half-life 

estimates exceeded. 200 cl at this temperature. 
.Simazine can be relatively persistent in aquatic 
systems, particularly shallow, well-mixed lakes and" 
ponds (Jen_kins and Buikema, 1990). Schwartz et al. 
(1981) applied simazine at a concentration of 0.45 
mg-L" to a 4.1-m-deep lake in Arizona. Two years- 

+ 

. later, the herbicide was still present in the water of the 
lake, at .a concentration of 0.14 mg-L". Simazine 

— _resi_dues may persist up to 3 yearsin flooded soil, and 
dissipation in pond and lake, water is variable, with a 
-half-life ranging from 50 to 700 d (U.S. EPA, -1987). 
The U.S. EPA (1988) later reported that the average 
halt-life of simazine in ponds is\ 30 d. This. value 
apparently depends on many factors, including the 

3 

level of algae and weed infestation. in the pond.- 

7 Tucker and Boyd (1981) investigated the 
relationshipbetween pond sediments and simazine 
loss from" pond water and sediment‘ solutions in_ 
250-mL flasks. After 32 d, more than 75% of an initial 
31mg-L" simazine concentration was lost from the « 

water-sediment solution. In flasks where pond water . 

. alone (no sediment) was tested, a maximum of only 

_12_

\ 

20% of the simazine waslost. The greater loss in the 
flasks with sediment was attributed to increased ad- 

/ 

sorption on the sediment and greater microbial activity 
in the sediment. Simazine halt-life estimates for the 
pond water in the flasks ranged from 7.8 to 72.5 d and 
were dependent on organic mattergcontent and pH. 
Organic matter content of the sediment was positively 
correlated with the rate of simazine- loss from 
the overlying water (p s 0.01), whereas sediment pH 
was .negatively‘ correlated with the rate of’ loss 
(p 5 0.05).‘The authors concluded that sediment is the 
major sink for simazine applied to ponds. The pres- 

' ence of simazine meta_bol_it_es was not measured 
' -during these studies. ' 

From I field pond ‘studies, Mauck -et al. (1976) 
reported that simazine degraded much more rapidly 

, when adsorbed to sediment. -Five ponds near 
Columbia,- Missouri,_we're.drained, refilled, and stocked 
with 250 subadult bluegills (Lepomis macrochirus). 

, 
The ponds were_ treated with estimated concentrations 
of simazine in the" water of 0.1, 0.3, 1.0, and 33.0 
mg-L", with the fifth pond being reserved for a control. 
Samples of se_diment, water, benthic invertebrates, 
and fish were obtained at irregular intervals over a 

. 2-year.period. "After the 3.0 mg-L“ treatment, residues 
were still detectable in the water and sediment 346'd 
after the first application (maximum concentration of 

V 

0.14 mg-L“ in the water and 0.32 llg,-g“ in the 
sediment) and 456 d after the second"application~ 
(maximum concentrations of’ 0.50 mg-L" in the water 
and 0.16 ug-g" in the sediment). The maximum ‘sedi- 
ment concentration was 11.-0 rig-g", which occurred 

‘ 

in the high-treatment-level pond 15 d after treatment.
’ 

. The time taken for 50% dissipation,,of slmaz_l_ne from v 

initial concentrations in water_ of 450-870 tl.g°L" 

ranged from 155 d for the low concentration to about 
246 d for" the high concentration. The time taken for” 
50% dissipation from._ sediment for an initial con- 
centration of 8200 pg-kg" _was-7-10 d and from an 
11 000 pg-kg" initial concentration, 15-25 d. 

RATIONALE‘ 

Raw Water for Drinking Water Supply 
' 

Guideline 

The Guidelines for‘ -Canadian ‘Drinking Water 
Quality (Health and Welfarecanada, 1989a) specify 

- an interimlmaximum acceptable concentration (IMAC)
'



- Table 7. Summary of Slmazine Degradaflon In Soil/Sediment and Water:
\ 

Pathway . .‘ 
7 I 

‘In soil/sediment _ 

.' water . 

Photolysis _. 
- insignificant"’“’- - in8i$I|ifi°3fl55f 
- little degradation with near UV or su_nlight"’“’

1 

Oxidation 
‘ 

_ 

- no data 
.1 

' 

_ _ 

-no data 
’ 

V 

Aerobic metabolism ' 
’ - dominant degradation pathway” ‘ 

' 

- proceeds slowly in absence of sediments"°’ 
‘ 

- -’ depends on moisture and temperature“) ‘ 

- dissipation in sediment (adsjorption or metabolism) 
depends on organic matter content and pH"’

_ 

- major rfietabolite = hydroxysirnaziiiel” . 
- 

n

/ 
- pathways: dealkylation, hydrolysis, ring cleavage") 

Anaerobic metabolism - no data 
I 

. 

’- no data 

Hydrolysis 2 - major non-biological pathway forms - relatively resistant to hydrolysis‘”‘l°’ 
hydroxysimazinem - no hydrolysis in stable aqueofis sollition 

- 
‘ 

' over 28 d“) 
V

. 

_’ 
, 

* - 
ti, = 96 d (pH.5)"') 

Volatilization .l 
V - insigr1ificant"’"”“”“" 

I 

’ - insignificant") .—« 
’ - t” = 2 months from metal at 72.5°C‘”’ . - not a major path of loss. as predicted 

-_ 
‘ 

- 
- volatilization t,, (two-filrn theory) > [000 d".'-” 

Mobility ' 

, 
V 

1 - slightly to very mobile depending on soil textlirem 
' — little leaching in soi_l“"""’"" 

- low concentrations in runofim’-('7’"" 

_ Adsorption/desorption - depends on soil organic matter content; cation 
exchange capacity, and clay content“ 

' 

K, = l.0 for sandy loam ’ 

7.9 for a silty loam 
>2l for peat and peat moss“) 

Persistence * 

t.,, 
= '8+l2 weeks'(aerobi_c soil conditions) t,, = 12-456 d (field dissipation depending on 

>l2 weeks (anaerobic soil conditions)” 
_ application rate"°’ . _’ 

36-234 _d (sandy loam soil) g30._d in ponds” 
25.5 Weeks’ (silt loam soil) —- ‘ 

v 

I 

>32 d in ponds without sediment 
16.3 weeks (loamy sand soi_l)“’ 8-72 ‘d in presence of sediment mostly due 

h ~ to sorptionm 
’ i 

5 d (with pond sjedirifent as major sink)"" 
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1. 

for simazine in drinking water of 10 pg-L" as recom- 
mended by the Federal—Provincial Subcommittee on 

Committee on Environmental and Occupational Health. 
This was based on a negligible daily intake (NDI) over 

. Drinking‘ (Water of the Federal—Provin‘cial Advisory. 

the lifetime of a 70-kg individual consuming 1.5 L of, . 

water per day. The NDI oi 0.00_13.mg-kg" body weight 
(b.w.) was based on a. no-observed-a,dvers_e-effect 
level (NOAEL) of 5 mg-kg".-ti‘ from a 2-year dog 
feeding study during which simazine caused. reduced 
body weights, increased concentrations of several liver 
enzymes‘, and slight thyroid hyperplasia (Health and 
Welfare Canada, unpubl. data). . . 

Summary of Existing Guidelines 

In the US. EPA _Health Advisory for simazine (U.S,. 
EPA, 1987), the 1-d and 10-d health advisories for a 
10-kg child were50 pg-L". Longer-term (7-year) health 

_ 
advisories were 50' pg-»L" for children and 175 pg-L" 
for a 70-kg adult. The l,iie'time health advisory was 35 
rig-L" in drinking water (U.S. EPA, 1987). An allowable 
daily intake (ADI) of 0.005 mg-kg“-d" from a 2-year

' 

dog study resulted in the development of a drinking 
water guideline IMAC of 17 pg.-L“ by the World Health 
Organization (WHO, 1988). The WHO may lower this 
.lMAC alter review of more recent toxicity studies.

J 

Concentrations in Drinking Water Supply 
1' 

— The Ontario Ministry of the Environmeh't'(OMOE~, 
1987a, 1987b) surveyed municipal watenrvorks and 
private w_el,ls in’1.985' and 1985 for the presence of 
simazine. Ateight municipal waterworks in 1985-, 121 
samples of raw _water and 111 samples of _treated 
water were analyzed. Only one raw water samplecone 
tained simazine (concentration <0.3. pg-L", including 

' D-ethyl simazine). In 351. private wells sampled in 

1985, simazine (including D-ethylsimazine) was de- 
tected in 12 wells (maximum concentration 23 pg-L"): 
The authors emphasized that the 351 wells sampled 
were not randomly selected but were shallow wells in 
sandy‘ soils in agricultural. areas where contamination 
had been found previously. In. 1986, 37 domestic vfvells 
‘and 5 municipal groundwater supply wells in areas of 
‘intense corn and soybean production in southem 
Ontario were sampled (OMOE, 1987b). No simazine

’ 

was detected in the groundwater (detection limit 0.1 
rig-L"); Twenty-five different municipal watenlvorks 

_

. 

supplied by surface water sources were also sampled 
in 1986. simazine and D’-ethyl simazine were detected 

" in 11.01 422 raw su'rfa_ce water samples collected at 
nine waterworks. Reported levels ranged from less 

'14.
' 

ft. 

than 0.06 to 0.150 pg-L". "Of the 150 treated water 
samplesanalyzed, only one sample contained sima-, 

' z'ine (concentration <0.06 pg'L") (OMOE 1987b). 
- 

_ 

‘The Ministere de l’environnement du Québec. 
sampled drinking water supplies in 18;mujnjicipal_ities 
(representing 50% of the population sewed by surface' 
water sources) during February and July of 1986 "

, 

(Anonymous, 1987). Raw and treated water sa‘mple_sf- V 

were analyzed. The sampling programs detected sima- _ 

zine, but concentrations were below Health and 
Welfare Canada's (1989a) standard of 10 pg-L" 
-(actual co_ncentrations and detection limits were not 
provided). 

Water 
I 

Treatment 

Miltner et al. (1988) reported that conventional
’ 

water treatment operations were ineffective in re-
’ 

moving simazine from water. Baker (1985), whofound 
simazine in tap water at Bowling Greein. Fremont, and 
Tiffin, Ohio, in concentrations similar to those‘ found i_n 

_ 

river water (actual concentrationsnot provided), noted 
, 

t_hat_ a granular activated carbon filter at the treatment 
‘plant at Fremont removed considerable amounts of the 
herbicide. The ,U.S. EPA (1987) indicated that treat-' 
ment operations using high doses of granular activated 
charcoal (GAC) removed simazine from water. Galassi 

- et al. (1989); however, noted that simazine was not 
removed by water treatment operations in Italy-, even 

‘ though activated charcoal beds wereemployed. More- 
over,’ the WHO (1988) stated that during water treat- 
ment operations ‘using GAC, simazine in the ‘presence 
of intermediary nitrite might give rise to N-nitroso 
compounds, which could be carcinogenic. Finally, the 
Ontario Min_istry of the E_nviro_nment (OMOE, 1987b) 
e_m'phasized that the doses of powdered activated 
"charcoal (PAC) used for taste and odour control were 
not effective in removing the ‘high.concer1trations of 

~ pesticides that. occurred in rainfall runoff from fields. 
They recommended increasing the PAC dose to 40- 
50 mg-L"‘ before, during, and (immediately following 
rainfall events to reduce ‘pesticide levels in treated 
water. \ 
Freshwater Aquatic Life. 

Accumulation and Elimination in Aquatic Biofa 

Persistence -studies of simazine in" water and 
aquatic organisms are summarized ‘in ‘Table’ 8. The 
_available i_n_forrnation indicates that si_m_azine does not

' 

bioaccumulate, nor is it biomagnitied, i_n the food web.

\



Iarire 8. Sirnazlne Persistence In ‘water and Aquaue Organkms 

Application . Time after » 
‘ 

7 ’ 
' 

>

' 

rate Concentration treatment Half-‘life (d) 
‘ 

' 

_’

_ Medium» (mg-L") ' 

(mg-L") 
. (d) ‘ 

(first order) Comments 
_ 

Rcfemlce 
—Surface water . 1.50‘ 5 1.50 

, 
0 18.5 Average concentrations \ Tucktt and’B0¥d,r' 19735 (Alabamn. fish 1.22 4 » from 3’porrds; residue 

’ 

—

. Ponds) 1.00 8 levels approximate, 
‘

\ 
- 0:97 16 because interpolatedv ‘’ 

0.67 32 from graph 
028 64' V 

0.07 128 

Surface water 0.1-3.0 7 
- — 

1 
_ 45.174 7 Two-year su1dy;.half- . Mauck et al., 1976 - 

(Mi3S°“|‘vi-' 4 5 
. 

d 

. » 

' 

' ' life-range as calculated 
ponds) . 

- 

y 

' 

,- 

\ 

." 
, 

_ by Reinerlvand Rodgers 
_

. 

, 

7 

« 

‘ 

J 

V 

v 
' 

’ 
V 

» (1937) ’

: 

Pondwater‘ 
_ 3-(initial. 0.6-0.7 32 cl‘ wiflr 7.8-72.5‘ in water Laboratory investigation; 

‘ 

Tucker and Boyd, 1981 
coneerrtration) 

’ t 

» sediment present (range for 16 residues deter-ruined‘ in water 
‘ I 

.. 
‘ 

3 sediment-types 
_ phase only; temperature = / 2.5-2.9 32 d without present) 

' 
‘ 25°C 1: 2°C; organic matter 

sediment present 5 and pH of sediment related 
to half-life; dissipation" due 

, mainly to sorption 
P°:l1<-l W39¢|"(artificial 2 - — — ~ 5 

V 

- Temperature l5‘s’C-25°C; time . Meh_ta-and‘rHawxby, 1979 pond in o greenhouse) K A 
' 

V 

_ 
for 90% degradation was 10 _d; 

’

- 

. 
" 

- 

I 
' 

sediment .tl1e major sink for=t.he 
compour1d(20% in 16 dzvs. 8% in 
algae at 16 d)

V 

Esillarinc Wafer -. 
T! — — 

‘ 

V ‘ — "~30 Cornvcultivatiorrequals 26% of Glotfelty at al., 1984 (Wye River estuary, ' '- 

, 
‘ watershed; losses attributed - 

- 
_

> 

Cllcsapeake Bay) ' 

K 

more to surface-catalyzed 
- 

‘ 

. 

V 

. 
. 

' 

l1ydrolysis:d1an effective 
. '\ I 

\ 
. 

> 

' 

I 

I > 

. F1sh(fi=shW=m,=r) _— ’ 

7 — ' — ‘ <3 
‘ 

No residues detected after 3 d Mayerand Sanders, 1977 (T331034 minn0W§. ’ V 

1 

' 

1 

' 

. in -uncontaminated water ' 1' 

Pimephales promélas) 
’ 

' ‘ 

F13‘? (fi°3hW3‘¢|'-) 
‘ 

— ' V 

_ 

No residue detected 7, exposure to‘ ’— 
I 

" W Depuration-half-lifer<7 d;=orlginal ‘ I Rodgers. 1970 (green sunfish) ~ in fish (whole body) -‘ 
rurnreared water residue in fish 095 and 229 pg-g" 

_ 

Lepomi: cyanellux Rafi) ‘
’



The bioaccumulatioh potentialis "low, as evidenced by 
bioconcentration factors. of less than 100‘(Append_ix C), 
and simazine concentrations. in the tissues of fish 

they are exposed. Although simazine may’ have a 
half-life of 50-700 din water (U.S. Departrnent of 
Agriculture, 1984), the depuration half-life in fish is 

short (<7 d following exposure ifthe organism is 

transferred to uncontaminated water) (Rodgers, 1970; 
Mayer and Sanders, 1977; Niimi, 1987), indicating that 
it is rapidly excreted or metabolized. Roberts ef al. 
(1979) found no simazine residues in whole fish 

A homogenate of brown bullheads (wlctalurus, ne_bu_[osus), 
gizzard shad (Dorosoma cepedianum)_, and black 
crappie (Pomcxis nigromaculatis) collected in the 
Hillman Creek watershed of Ontario ‘in 1974, where 

A 

A simazine was detected in the water at concentrations 
A ranging from trace (<0.1 pg-L") to 3.6 pg-L". 

In a brieflreport on the effects of sim'azine on 
non-target aquatic organisms, Mayer and Sanders 
(1977) mentioned that simazine was accumulated by 

‘lfathead minnows (Pimephales promelas) up to 55 
times the concentration in their exposure water. No 
simazine residues were found in the fish after theyhad 
been in uncontaminated water for 3 cl. No‘ further de- 

' 

tails were provided. In a study by Mauck et al. (1976), 
residual simazine concentrations in L. macrochirus 
generally did notexceed the concentration in the water 
to which they were exposed. Some bioaccumulation 
-was evident in -benthic invertebrate samples_(e.g., 
mayfiies, Hexagenia sp.) for the first 3 months, and a 
bioconcentration factor of approximately 90 could be 

, 
rarely exceed the concentration in the water to which ‘ 

calculated 8 d after herbicide application. The con- ;

' 

centration in the invertebrates declined markedly after 
this time. -

- 

in a laboratory microcosm study, the partitioning 
behaviour and fate of “C-labelled simazine applied as 
a foliar spray in a terrestrial chamberwere studied 
(Gile at al., 1980). The chamber consisted of a syn- 
thetic soil "medium, Douglas fir and red alder seed- _ 

‘ lings, rye grass, numerous invertebrates, and a vole 
(Microfus canicaudus). Approximately 80% of the ap- 
plied “C was recovered 26 d after application. The 
‘remainder may have been lost to the air ‘as “CO5, 
which was not detectable by the» chambers filtering 
apparatus. The “C detected in the_ various media and 

animals, 0.8%; plants, 43%;- soil, 35%; and ground- 
water, 0°/o. Concentrations in the animals after 26 d 
"were snail, 1.97 pg-g" (fresh weight); snail feces, 9.7 
((9.9-‘; pillbugs (Armadillarium spp. and Pofcellia spp.), 

. 
organisms as a percentage of herbicide appli_ed_was , 

16 

0.66 pg-:9"; mealwonn (Tenebrio molitar) larvae, 1.04 
pg-g"; and wholebody ofvole, 0.59 pg-g". 

_ 
AcuteToxicify to‘,/llcyuatic Organisms 

Discussions of the aquatic toxicity of simazine 
usually-take into account the phytotoxic mechanism of 
this compound through the inhibition of photosyn- 
lhesis..'Because- of this mode of action, much of the 
published'materia‘l on the toxicity of simazine deals 
with its effects on aquatic macrophytes and algae. The 
following discussions of simazine toxicity ‘are directed — 

primarily towards non-target organisms; for additional 
information on the efficacy of simazine as an aquatic" 
herbicide, the reader is. directed to Mauck (1974). 

Appendix D. provides summaries of a number of 
‘ acute toxicity tests with simazine and a wide variety of 
aquatic organisms. 

Fish and Amphibians 

. Sim__azin_e has a low toxicity to fish (Weed Science‘ 
Society ‘of America, 1983) (Appendix D). The U.S. 
Department of Agriculture (1984) concluded that the 
compound should not affect fish at concentrations‘be‘- 
low its water solubility. Published median lethal con- 
centrations vary widely depending on the species, 
water chemistry, and herbic_ide formulation. Alabaster 

A 

(1969) reported a 24-h median lethal concentration 
(T L,,,) for rainbow trout (salmo gairdnen) of 95 mg-L" 
for a wettable powder formulation. The 48-h TL", was 
85 mg-L". Hashimoto and Nish_iuchi (1981) published 
A48-h TL“ values for technical sim_azine for .,carp. 

(Cyprinus carpio), (>40 mg~L"), goldfish (Carassius 
auratus) (>40 mg-L"), ‘and the medaka’ (Oryzias 

'latipes) (>10 mg-L"). The '48-h TL", using formul_ated 
simazine (formulation not reported) for the pond loach 
(Misgurnus anguillicaudatus) was also above 40 
mg-L“. Dodson and Mayfield (1979) observed no mor-

' 

tality of S. gairdneri in a solution of Princep‘80W‘i’, a_ 

wettable powder formulation containing 80% simazine, - 

at 200 mg gai-L". No mortality in coho salmon 
(oncarhynchus kisutch) s_mo|ts was reported at 2.5 
mg-L" (Bouck and Johnson, 1979), but Snow, (1963) 
reported pumpkinseed (Lepamisgibbosus) mortality at 
2-.0 mg-L" simazine. Simazine at 120 mg-L" caused a 

S 

70% rnortality in 4 h in the same species according to 
astudy cited‘ by Rao and Dad (1979). Wellborn (1969) 
reported that simazine was toxic to striped bass 
(Fioccus saxatilis), with a 96-h L050 of 0.25 mg-L"; A 
concentration of 1.5 mg-L".in pond water reduced

A 

» L-. macrochirus biomass (U.—S. Department of 

Agriculture. 1984). 
' 

—

' ‘



Results of fish toxicity investigations may also be 
influenced by -the experimental technique. For ex- 
ample, rapid depletion of simazine in static aquarium 
water was found by Prowse (1960). Simazine at 120

s mg-L" killed 70% of mouthbrooder (Tilapia sp.) finger- 
Iings in 4 h, but after 12 h the water in the tanks was . 

no longer toxic. in another study, Dodson and Mayfield 
(1979) examined the effects ofsimazine on the rheo- 
tropic response of year—old S. gairdneni held in circular 
tanks with a striped background, which could be ro- 
_tated to simulate ,a current of 20 cm’-s". No change in 
behaviourtoccurred when the fish were exposed to up . 

to 12.5 mg-L" of simazine for 24 h. The addition of V 

Tween 80*”, a wetting agent, to the simazine, however, 
‘resulted _i_n decreased swimming speed and .a greater 
frequency of no response to the simulated cufrent. 

' Although-simazine is generally not considered. to 
be acutely toxic to fish, an excessive kill of vegetation ‘

1 

can lead to dissolved oxygen depletion and stress and 
mortality. Two reports of trout mortality following 
simazine treatments were investigated by Norton and 
Ellis (1977). Toxicological tests on the fish suggested 
that the deaths were not- the result of direct poisoning 
by the herbicide, but that oxygen-depletion following 
the death of aquatic plants, or the rapid kill of large 
numbers of toxin-releasing algae, may have been the 
cause. ' 

- — — A 

While conducting 48-h tcs, tests, Fitzmayer ef al. 
(1982b) observed that both 3-d-old and 7-d-old striped 
bass (Morone saxatilis) larvae became inactive at

_ 

simazine concentrations of 10-100 mg-L". The 48-h 
LC5,, for 3-d-old fish was 17 mg-L", and for the 7-d-old 
fish, above 100 mg-L". About 60% of the exposed 7-d- 
old larvae eventually developed a scoliotic curvature of 
the vertebral column. inferences from this study are 
difficult to make, however, because of the high mor- 

. talities reported in the controls, which in some cases 
_ 

approached 30%. in these experiments, there was no 
significant difference between tests run at water 
hardness levels of 120mg-L" (as GaCO3) and 220 

_ 

mg-L“. 

The lowest reported 96-h LCSO for a fish species’ A 

exposed to simazine, 0.25 mg-L“, was reported_for 
R. saxatilis by Wellborn (1969) (Appendix D). This 
result, however, has not been confirmed by other 
researchers who have examined this species and“ 
found LC5o- values an order of magnitude higher 
(Cook and Smith, 1976; McCann, 1980; Fitzmayer V 

‘er al., 1982b). McCann (1 980) postulated that the large 
differences in reported Lcgo estimates may be the re- 

17 

sult-of add_itives'in' some pesticide formulations or 
differences in the handling techniques used for these- 

.sensitive fish. This hypothesis is supported by’ the 
—work of Dodson and May_field (1979), mentioned 
above. 

Marchini et al. (1988) reported data concerning 
the toxicity of simazine to various unnamed fish 
species: for nine different fish species, the 48-h Ecsos 
ranged from 5.2 to 350 mg-L“; for eight species of 
fish, the 96-h EC5°s ranged from 2.8 to"100 mg~Li‘. A 
single amphibian toxicity value was found in the lit- 

V 

eratu're';i Hashimoto and Nishiuchi (1981).reported a_ 
48-h TL," of greater‘ than 100 mg-L" formulated sima-\

‘ 
- zine for Bufo bufo japonicus tadpole. - 

Invertebrates 

Snow (1963) reported. that production measure- 
ments of ponds treated with 0.5, 1.0, and 2.0 mg-L“ 
simazine revealed that the herbicide was not -toxic 
to zooplankton and other animal life constituting the 
diet of fish being cultured’ in "the ponds. Sanders 
(1970) found that Daphnia magna and seed shrimp 
(Cypridopsis vidua) were immobilized after 48 h of 
exposure to simazine concentrations of 1.0 and 
3.2 mg-L“, respectively. However, scud (Gammarus 
fasciatus), sowbugs (Asellus brevicaudus), _'glass 
shrimp (Palaemonetes kadiakensis), and crayfish 
(Orconecfes nais) were not affected by a single 
exposure to 100 mg-L“ of simazine added, to aquaria 
or beakers. For D. magna and C. vidua, immobiliza- 
tion was used as the measured response; for all other - 

invertebrates, observations onsurvival were made at 
24-, 48-, and 96-h intervals. Gilderhus (1969) ‘reported 
that bottom faunal communities in control ponds‘ and 
ponds treated with 1.0 mg-L" simazine were nearly 
identical, suggesting that thetreatment had no effect . 

on benthic organisms. Laboratory tests on bottom I 

organisms gave an acute LD5° of 28 mg-L" (Walker, 
1 964). 

Marchini et al. (1938) tested the acute toxicity of i 

' simazine to D. magna using :24-h and 48-h immobiliza- 
tion tests. The daphnids were less than 24 h old. The 
24- and .48-h EC5,‘,—s were greater than 3.5 mg-L“. 

Kosanke eta/. (1988) examined the effect of sima- V 

zine on the ontogenesis of freshwater snail (Lymnaea 
stagnalis) embryos.- _Egg masses containing 50-100 

I 
V 
eggs were removed-from the aquaria and kept i_n vials 
containing the herbicide (static test)-. Live and dead 
embryos and hatched snails were counted every day



Algae and Macrophytes _

' 

for 20 cl. Simazine at 2.02 and 0.202 killed all 

snail embryos (1477 eggs intotal) during the first ,9 d 
of the experiment. Only 4.5% of embryos died in the 

-‘ control batches of eggs. Even with 0.0202 mg-L“ 
simazine, all (762) eggs were killed, but with a lag 
in mortality that was indicative of a -toxicologically 
weaker action. in other*tes'ts\with molluscs, Hashimoto 
and Nishiuchi’ (1981) published a 48-h TL," valueof 
greaterthan 100 mg-LT‘ for the snails Indoplanorbis 
_exustus, Semisulcospira Iibertina, and -Physa acuta. 

K 
The U.S. Department of Agr_ic'tilture’s (1984) review 

of s_im‘a,zine lists LC5,,s of 1.9 (96 h) to 50 (48 h) mg'L" 
for stonefly’ larvae (Pferonarcys sp.) (Hashimoto and - 

Nishiuchi [1981] published a 48-h Tl,“-of >.40'mg-L" 
formulated, simazine for the mayfly larv_ae~’CI,oeon

I 

dipterum) and a 24-h LC5,, of 1.0 mg-L" for the 
freshwater copepod Heliodiaptomus viduus. Walker - 

(1962, 1964) reporteda population reduction of 50% 
or more in‘ aquatic worms, leeches, and snails_ after 
simazine applications of "0.5-1 0 mg-L“. A 96-h _LC5,, of 
28 mg-L" was reported for aquatic worms (speciesnot 
given). 

While conducting 48-h t..c_.,,, tests with Daphnia 
pulex, Fitzmayer et al. (1982b) noted that the daphnids 
becjame sedentary at simazine concentrations of 1-50 
mg-L“. For both of the freshwater cladocerans 
D. pulex and Maine macrocopa, Hashimoto .and 
Nishiuchi (1981) published 3-h Tl,,,s of greater than 40 . 

mg-Li‘ technical simazine.

/ 

in 1966 and 1967, 17 farm ponds in Ontario were 
treated with simazine at cencentrations of 0.5, 1.0, and. 
2.0 mg-L“ (concentrations added to the water) to con- 
trol submerged macrophytes and_ algae (Wile, 1967). 
At 1 mg-L“, simazine was effective in ,co"n,tro'l:l_i_ng 

several species of submerged vasculariplants and_ fila- 
mentous algae in ponds having littleor no water ex- 
change. Chara sp.. (a filamentous alga) was con-- 

' 

trolled at 2 mg-L“ inponds with some water exchange. 
Filamentous algae were controlled at 0.5 mg-L" in 

a pond with little water exchange. The degree of_-water 
‘ exchange inthe ponds also affected persistence and 
hence the overall effectiveness of the applications. 

The ‘effects of simazine on the photosynthetic 
pigments of green algae were investiga_te'd by 
Paromenskajya and Lyalin (1968). Three species of- 

algae (chlorélla vulgaris, Ankistrodesmus braujnii,» and 
Chlorosarcina sp. , the latter resistant to simazine) were 
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grown in 50 mg-L" simazine for 17 -d; On days 7 and 
17, there was practically no growth of C. vulgaris and 

braunii. Pronounced changes in photosynthetic pig- 
rnentshad occurred by the 17th day of incubation, 
when -27,"/s.—'-86"/to of the amount of pigment found in the 
controls_was measured in the sensitive species. 

In laboratory experiments using unfiltered, nitrate- 
‘ 

enriched river water from an agricultural watershed i_n 

central Michigan, Howell and Files (1972) found that . 

simazine at very low lei/el_s (10" M) decreased the dry 
weight of ‘inorganic material in‘ algal culture flasks as; 
well as the chlorophyll-a content.

‘ 

Turbak at al. (1986) tested the toxicity of simazine 
to the unicellular green alga - Selenasfrum capri- 

cornutumwusing the’ U.S. Environmental Protection 
Agency's (EPA) 21 -d bottle test. Theyfound that water 

; chemistry may play an important role in‘th_e determina- 
;tion of _tox_icity thresholds for algae. A simazine con- 
centration of 0.614 tt'g~L" decreased algal biomass to- 
50% of the control value when the alga was grown on 
-an assay medium. However, when the cells were 

. grown in a nutrient-enriched stream water sample, 
simazine concentrationsfrom 0.01 to 10 pg-L“. did not 
produce an equivalent inhibition. 1 

The effects of simazine on the photosynthetic 
organelles of the blue-green alga Anacystis nidulans 
were studied by Mehtaand Hawx_by (1979). /A 10'-d 
flask culture treated with simazine at a concentration 
of 2.017 rng.-L“ was incubated at 25°C—28°C for up to 

f 
10 d. Aliquots of the culture were removedfor electron 
microscopy. The thylakoids - (the .ph_otosynt_h‘etic 

. Iamellae) developed granularity after 12 h oftreatment. . 

The polyhedral bodies, which are vital for cell activ- H 

ities’, diqsintegrated. Growth was completelyhalted 
» eventually; and death of the cells was indicated by 

- empty and distorted thylakuoids and ‘depletion of RNA. 
I" 

“ In a similar study, Markova et al. (1985) exposed
‘ 

Salmonella typhimuriumin ea broth culture to'50 mg.-L" 
simazine and examined the exposed cells for ultra- 
structural changes. They found changes in the cell 

- wall and cytoplasmic--membrane, although no destruc- 
tion or lysis-was ob_se'rved and cell integrity was pre- 
served. The cytoplasm lost its ‘regular, finely grained 
structure as a result of a collapse of ribosomes. 

The influence of simazine on vascularplant photo- 
synthesis, as measured by the inhibition of oxygen 
evolution,“ was investigated by Sutton efval. (1968); 
Simazine concentrations of 0,12, 0.50, and 1.0 mg-L"»

' 

A‘

g.



were added to nutri_en_t cultures of duckweed (Lemna 
minor), Elodea canadensis, and . parrotfeather 
(Myriophyllum -brasiliense’). The minimum dissolved 
oxygen concentrations occurred after exposure to the .. 

highest simazine concentration, and were approxi- 
' mately 50% of control for L, minor, 60% of control for 
-E. canadensis, and 10% for the submersed form of 
M. brasiliense. ' 

'

‘

r

/ 

Tucker et al. (1983) treated ponds having heavy 
growths of Chara vulgaris with 1.3 mg‘~L" simazine. In 
addition to killing the Chara, the simazine also com- 
pletely eliminated the abundant blue-green algae‘ com- 
munities in these‘ ponds: blue-green algae species 
were not found in samples from these ponds during 
the remainder of the study (up to 52 d following 
treatment)’ 

The impact of simazine on periphyton communities 
in in situ 300-L enclosures of marsh water in Manitoba 
was investigated by Goldsborough and A Robinson 
(-1983). Colonization and growth on acrylic substrata by 
periphyton were monitored by. measuring the carbon 
assimilation rate and chlorophyll-a accumulation. At 
0.1 mg’-L“, no change in either parameter was ob- 
served relative to untreated enclosures. At 1.0 and 5.0 
mg-L“, increasing inhibition (to approximately 95%) 
was observed. Recovery of the communities began - 

within 1 week after treatment. Periphyton productivity 
was correlated with‘ water chemistry, light availabili'ty, 
date, and herbicide treatment, suggesting that the 
herbicidal effects are not the result of the herbicide ’ 

alone but the result of a complex interaction of several 
parameters. ' 

~

’ 

Using these same enclosures and simazine con- 
centrations, Goldsborough and Robinson (1986) also 
observed the community structure of the algal com- 
munities colonizing the acrylic rods. Herbicide con- 

- centrations in water were near the added level during 
the first 2 weeks of sampling, with the exception ofthe 

, 

5.0 mg-L" treatment, in which the herbicide concentra- 
tion did not exceed 3.06 mg-L“ (probably determined .

. 

by the maximum water solubility limit of the com- 
pound). When the enclosures were naturally flooded. 
and refilled with fresh ‘marsh water, simazine was not 
detectable (detection limit‘ 0.01 mg-L") -in the enclo- 
sures treated with the lower simazine concentrations 
but was recorded at a maximum concentration of 0.48 . 

pg-L" in the 5.0 mg-L" treatment enclosure. The mean . 

periphyton "biovolume" (mean cell volume multiplied by 
cell densityfor each taxon) over the 6-week‘du,ration 

v r 
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of the experiment was not significantly different from 
‘ 

control for the 0.1 mg-L" treatment. With the 1.0 and ‘ 

_ 

5.0 mg-L" treatments, biovolume was inhibited in the 
preflood period by 94% and 98%, respectively. The 
authors stated that this would suggest a) community 
biovolu_me L050 of between 0.1 and 1.0_mg-L" for_ 
simazine. Simazine treatment also appeared to alter 
community structure. The dominant filamentous green 
alga Stigeoclonium sp. occurred only rarely in the 1.0 

A_ and 5.0 mg'L" enclosures, whereas diatoms asjsujmed 
overwhelming dominance. 

Simazine concentrations above, 0.4 mg-‘l__“‘ delayed 
’ 

algal blooms in laboratory "flasks for at least 2 months . 

(BryfogIe and McDiffett, 1979). At 0.15’ mg-L", how-w 
ever, the major effect of the. herbicide was overcome 
by the second day of the experiment. in this experi- 
ment, there were changes in community structure with 
the addition of herbicide above 0.05 -mg6L"; these

A 

, 
changes included a reduction in diversity and "a 

change in the dominant ‘species. 

Sublethal Reactions and Chronic Toxicity in Aquatic 
Organisms ' 

Fish
‘ 

_ 
Mayer and Sanders (1977) investigated the effects 

of continuous simazine exposure on growth, reproduc- 
tion, and survival of P. promelas using a flow-through 

' 

dilution apparatus. Pimephales promelas egg hatch 
and fry growth were reduced (amount of reduction not 
reported) during continuous exposure to 1.7 mg-L". 

Reduced growth of channel catfish (lctalurus 
punctatus)rand L. macrochirus in simazine-treated 
ponds was reported "by Tucker and _Boyd (1978a, 
1978b). They found that a siniazine application of 13.4 

_ 

kg ai-ha" to the bottomrof catfish‘ ponds (0.04—0.06
_ 

_ 
ha) before flooding resulted in an extended period of 
low dissolved oxygen concentrations, a 19% reduction 
in I. punctatus yield, and reduced feed ‘conversion by 
fish when compared with control ponds. The authors 
stated that the cause of decreased catfish growth may 

K‘ 

‘ be partly due -to exposure to prolonged periods of 
lowered dissolved oxygen concentration caused by the 
simazine application. 

_ V 

«. 

"Invertebrates
‘ 

Fitzmayer et-al. (1982a)‘ evaluated the effect 
of simazine on D. pulex moultirng and growth.‘ At 4 
mg-L", 65% of the daphnids were dead by day 25.



. 
20 mg-L7‘, all daphnids were dead by day "1 5. 

Reproductive maturity was delayed by about one moult 
cycle at 4 mg-L“ simazine, which amounted to about 
3 d at 20°C. The number of broods produced-;at 4 
mg-L" (56) was -significantly less than the number 
produced by controls. (104). 

2 No-observed-effect. levels (NOE,L_s) of 4 and, 1000 j 

mg-L" for Daphnia and the mud crab, ‘respectively, 
were reported by the U.S. Department of Agriculture 
(1984). Concentrations of 0.01—1.5 mg-L" (ai) of the 

' 

simazine formulation Tafazine° caused a very slight 
d'e_cli_n_e-in the rate of asexual budding in an Indian 
colonial freshwater bryozoan‘ (Plumatella casmiana); 
the percent germination of statoblasts in the control 
samples was 80% and 70% with the two simazine con- 
centrations.(Ftao and Dad, 1979). - 

Mayer and Sanders,(_1977) also investigated the 
effect of continuous" siniazine exposure on Daphnia 
reproduction and midge emergence using their flow- 
through dilution apparatus, Simazine concentrations of 

;of simazine as high as 1.0 mg-L7‘ may not have -a del- 
eterious impacton winter zooplankton communities; 
althoughphytoplankton may be adversely affected, the 
lack of dependence‘ of winter zooplankton cornmujnities 

. on autotrophic organisms may prevent adverse effects 
on the winter food web. 

Algal inhibition as a result of simazine exposure 
was reported to be dependent on light intensity. 

- (O’Neal and Lembi, 1983). Chlorophyll concentrations 

_ 

0.25 to 3.0 ;mg-L“ had no adverse effect on Daphnia ' 

(reproduction. A_t-0.66 and 2.2 mg-L" ‘exposures, midge ' 

emergence was temporarily/ delayed. 

» Whitley (1966) found that an 80% wetfabjle powder 

in cultures of filamentous algal species (Pifhophora 
‘oedogonia, Cladophora glomerafa, and Spircgyra 
jurgensii) exposed to 1.01 mg-L" of simazine were 
consistently" less than the control but continued to 
increase over a 45-d period at alight‘ intensity of 100 
uE-m"-s". Chlorophyll content decreased markedly 
when.light intensity was 400 uE:-m"-s". Spirogyra sp. 
was the most sensitive species tested, with a 50% 

- inhibition of photosynthesis occurring at a-simazine 
concentration of 0.2 mg-L". 

Summaiyof Existing Guidelines 

The Environmental Studies Board (1973) of the 
' 

U.S.. EPA proposed a water quality guideline for 
simazine of)10.0 pgeL" for the‘ protection of fresh- 

' 

. water aquatic life (Environment Canada, 1979). The 

of simazine applied at 1_.0 mg«L" did not adversely . 

‘affect the zooplankton within a pond; although zoo- 
plankton populations declined slightly, the decline was 
attributed to a reduction‘ in the phytoplankton crop 

‘ on which they grazed. Jenkins and Buikema (1990) 
studied the effects of simazine on a variety of plankton .

» 

species in 4-L microcosms sfuspendedfor 21 id 25 cm 
below the surface of a lake in Virginia. The experiment 
was conducted in December, _as tests in. warmer-

’ 

I 

weather months revealed that periphyton growth on -the 
outside of the microcosms interfered with light 

penetration. Few of the species were affected by 
simazine" concentrations of 0.1-1.0 mgeL". Groups : 

‘tested included phytoplankton, bacteria, and zoo- 
plankton. The only species showing a significant 

inhibition (0.01 <p < 0.05)»of mean cell densities at 0.5 
mg-L“ after)2'1 d was the phytoplankton Glenodinium. 
The only other negative response occurred with the 
phytoplankton Trachelomonas sp.,.which showed a 
significant inhibition (p s cm) at 1.0 mg-L" after A.

A 

21_ d. Diatom species showed a significantincrease in 
mean) cell densities after 21 d.at 1.0 mg-L". Bacteria 
and zooplankton..(c_opepods. ciliates. and rotifers were 
enumerated) cell densities were not affected by the . 

simazine treatment.‘The authors concluded that levels 
1

l 
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» provinces of Ontario. (in 1978) and Manitoba (in 1979) 
‘also proposed maximum concentration limits for sima- 
zine of 10.0 pg-L" for the protection of aquatic life and 
wildlife (CCREM, 1985). A survey of the existing water 

. quality guidelines in place in, Canada in 1985 indicated 
that both Saskatchewan ‘and Alberta had recom- 

. mended "multi=pu'rpose’ water quality objectives“) to 
- ensure that the pesticide concentration in receiving

' 

waters did not exceed 1% of the _Iowest.48-h LC“ for 
the most sensitive species (CCREM, 1985). The pro- 
vince of Quebec has_used the value of .10 ttg-L", 
published by the U.S. EPA, for the protection*of 

1989, unpublished draft document). — 

‘Guideline’ 

From individuual species tests, the most simazine- 
‘sensitive_,Nfor‘th Ame_rican species appears to he-the 
unicellular green alga S. capricornutum (T urbak et al., 
1986). When the green alga was tested using an arti- 

. ficial assay medium, .a 21-d ECSO’ of 0.614. tiger‘ was 
reported. This was approximately two orders of mag- 
nitude lower than concentrations affecting other 
aquatic plants (Appendix D); The low value was not 

0 aquatic life (Ministere de l’environnement du Québec,_ A



surprising, as the bioassay used was developed for its 
sensitivity toherbicide contamination of water, and the

_ 

formulation of simazine used (Princep° 4G) is regis-
_ 

tered for algae control (Agriculture Canada, 1989). 
Moreover, the sublethal effect level was determined 

when a nutrient-enriched watersample was used, a 
50% inhibition of growth did not occur with 0.01—1O 
pg-L" simazine. - 

Pond treatment studies have shown that much 
higher concentrations of simazine do not result 
in adverse impacts on non-target organisms. 
Goldsborough and Robinson (1986), for instance, 
found a periphyton community LC5,, above 100 pg-L" 
in Manitoba ponds. They also found that recovery 
of the colonies‘ commenced 1 week after treatment 
with 1.0. and 5.0 mg-L"- Similarly, Bryfogle and 
.McDiftett (1979) found that at 150 pig-L", the effects 
of the herbicide on algal growth were overcome by 

(using a long-tenn assay and artificial growth medium; 

the second day of the experiment. Jenkins and,’ 
Buikema (1990) found that few plankton‘ species were 
affected by 1.0 mg-L“ even in’ static microcosms; 
they concluded that leve_ls oi simazine as high‘ as 

. 1.0 mg-L" may not have a deleterious impact-on a 
winter plankton food‘ web. 

The above information indicates that aquatic 
phytoplankton are the most sensitive organisms to the 
toxic effects of simazine. Simazine would therefore 
exert its most deleterious effects on this component of 
the aquatic food web, After extensive studies of in\si_tu 
enclosures, Goldsborough and Robinson (1986) ar- 
rived at a minimum periphyton community LC5, of 100 
pg-L“. Their data indicated rapid recovery of the 
organisms within the enclosureseven 'after“treatment 
with 5.0 mg-L“ and, because simazine was detected 
at only 0.48 pg-L" after one flooding of the’ 5.0 mg-L" 
treatment enclosure, a short persistence of the com_- 
pound in the marsh they studied. Therefore, even 
though simazine may _exert- adverse effects on the 
organisms that form the basis of the aquatic food 
web, these effects are transient and do not translate to 
adverse effects on the organisms that depend on the 
‘plankton community for food. Fora freshwater aquatic 
life water quality guideline, the minimum community 
L950 value of 100 pg-L" is lowered by a safety factor. 
of one order" of magnitude (to account for possible 
longer-term effects of simazine) (CCREM, 1987), 
resulting in a guideline of 10 pg-L". Concentrations of 
simazine found in Canadian surface waters are below 
this level. ' 
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Agricultural Uses 

Livestock Watering 

Acute Toxicity to Livestock and Related Biota 

Data on the acute and chronic toxicity of simazine 
to.mamm”als and birds are summarized i_n Table 9._ 
Available data indicate that this compound exhibits low 
toxicity via oral, dermal, and inhalation routes of 
exposure. Gaines and Under (1986) led simazine to 
rats older than 90 d and to weanlings 4-6 weeks old 
and taped granular simazine to their skin. The oral 
,LD5,-,s we,re,972,and 23biom67 mg-kg" tor the adults 
and weanlings, respectively. The dermal LD_.,,, for the 
adults was, above 2500 mg-kg“. The acute oral toxicity 
(LD5,,) as a result of a single oral dose of simazine, 
deter-mined for rats, mice, and- rabbits, was above 
500OAmg-kg". For chickens and pigeons, no mortality ’ 

was observed at this concentration (U.S. Department 
of Agriculture, 1984). 

Table 9. Acute and Chronic Toxicity of Simnzine to Mammalian and 
Avian Species

‘ 

Species Route 
I 

(Toxicity parameter 

ACUTE 
Rat . oral ‘L0,,-= >5ooo mg-kg" b.w."’ 
Rat 

_ 
Denna] LD,,, = >3 I00 rng-kg" b.w.‘" 

Mouse Oral . LD,,, = >5(X)0 mg‘-kg" b.W.m 
Rat, mouse Inhalation No mortalities, 4-h exposure 

to >2.0 mg-L"“’ 
“Vole Oral LD,,, = >2000 mg-kg" b.w."f 
Rabbit Oral I-Dso = mg-kg" ’b.w._“’ 
Sheep Oral NOEL (5 Weeks) = 25 mg-lgg" 

. b.w.-¢f"”
" 

Quail - 

N 

Oral \LC,, =.>327o mg-kg" b.w.“l_ 

Bobwhite, Oral LC” = >5(X)0 tng-kg" b.w."’ 
'ring—neoked ‘ 

pheasant, mallard 

CHRONIC 

Rat 
7 

Oral NOEL (2 years) = l()0‘n'1g-k‘g"vdiet 
. 

- (7 mg-kg",b.w.od")"’ 
Dog . 

I 

7 

Oral 
V 

NOEL_(2- years) = 150 mg-kg" 
(5 mg-kg-'_ b.w.-d")"" 

'” Worthing and Walker, 1987. 
*1‘ as. am. 1987. ' 

"’ US. Department of Agriculture, 1984. W Weed ‘Science'So‘ciety of«America, 1983.
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There is_ little information onthe ‘acute effects of 
si_ma_z_i_ne on wildlife species. The U.S. EPA (-1988) 
stated that sima2i_ne is "not very toxic" to birds. For; 
prairie voles and grey-tailed voles, the reported LD5,, , 

’ 

from a_ single oral dose was between-2010 and 3980 
mg-kg“ (U-,-S-.- Department of Agriculture, 1984). Five- 
day feeding‘ tests with bobwhite quail (CoIinus, 
virginianus), ring-necked pheasant (Phasianus 
colchicus), and mallards (Anas platyhynchos) revealed 
LC5—,,s above 5000 mg-kg" for simazine and above 
10 000 mgokg“ for simazine 80W. For Japanese quail 
(Goturnix,coturnixjaponica), the LC5°‘was above 3720' 
mg-kg". No m'o,rtaiity was observed in the birds at 

‘ 

these concentrations (Hill.and Camardese, 1986). For 
rabbits, a single dermal application produced an LD5,, 
above 10 000 mg-kg“; repeated applications for 21 d 
produced an LD5,, of.2000 mg-kg". simazine" also exhi- 

. bits ‘low inhalation toxicity: _rats exposed for 1 h to 
1.8-4.9‘ pg.-g" sim_azine absorbed to dust were not 
affected ‘(U.S. Department of Agriculture, 1984).

’ 

Ruminants appear to be more susceptible to 
simazine poisoning than are__Ia_boratory animals. A_ 
single oral dose of 500 mg-kg" ,b.w. was lethal to v_ 

sheep (iflapke, 1968)‘. Palmer and Fiadeletf (1972) later 
showed that repeated but. smal_ler doses of simazine 
were also fatal to sheep: 50 mg~kg“ was fatal after

1 

. 31 doses, 100 mg-kg" was fatal after 14 doses,-. and 
400mg‘-kg“ was fatal after nine doses. A short-term 
NOEL for sheep was 25 mg-kg“-d" for 10 d (U.S. 
Department of Agriculture, 1984). Chickens receiving 
50 mg-kg"ed“. in the diet over 10 d lost weight, but 
there was no effect on reproduction with dietary levels 
of 21.0 and 20 mg-kg"-d‘ (U.S. Department‘ of

' 

Agric'u_ltu‘_re, 1984). A feed concentration of 20—50 
mg-kg“-d" for 6-10 d_ caused a 5%- 21% weight loss 
incattle, whereas a dose of 100 mg-kg"-rt‘ for 7 d 
caused noticeable morbidity. The short-term NOEL for 
a.10-d feeding study in cattle was 10 mg-‘kg"'-d“ (U.S. 
Department of Agriculture, 1984).

' 

« Egyed and Shlosberg (.1977) documented two 
cases of poisoning causing the death of 30 sheep and 
2 horses. in both cases, the animals were.g‘r“azing on 
weeds during or soon after application of simazine. 
Simazine was detected in the rumen contents and liver . 

A of several sheep and in the stomach icontentsfiof the‘ 
horses. The simazine concentration in the sprayed 
weeds was not measured, but a dose of 18.7 mg-kg" 
sheep body weight was calculated based on average 
feed intake and rate of herbicide application. This dose 
is much lower than toxic doses_ reported in. 

the literature, which was attributed to increased 

22 

susceptibility of the ewes during lactation, possible 
breed differences, or underestimation oi the actual 
dose. 

"
. 

Chronic Toxicity 

The‘Nationa| Academy ct Sciences (NAS, 1977) 
' 

"concluded that simazine appears to have _low chronic . 

toxicity to birds and mammals. The WHO (1988) re- 
‘ported chronic "toxicity data irom a 2-year feeding 
study with dogs, which produced a NOE_-_L of 5 mg-kg“ 

* b.w.'d". The U.S. EPA (1984) reported that a 21.~d 
dermal toxicity NOEL.was above" 1000 mg~kg“ for 

_rabbits. A NOEL in rats after a 2-year feeding "study 
was 100 mg‘-kg" in the diet. The‘ lowest-o'bserv‘ed- 
adverse-effect level (LOAEHL) reported by the U.S. 
EPA (1987) was 1.4 mg-kg"-d" for a study concerned 
with the histological changesinthe organs of sheep 
following exposures to simazine —for up to -22 weeks. . .

- 

Fink (1975) found that the r‘e’productive capability 
of A, platyrhynchos was not impaired when the ducks 
were fed 2—.20_ mg-kg" simazine from prior to the 
onset of egg laying -through the normal egg production 
cycle. Parameters examined included eggs laid, .egg- 

V 

shell cracks and thinning,‘ viable embryos, live 3-week 
. embryos, normal hatchlings‘, and 14-d survival rate. A 

Carcirt‘ogen,icity and Teratogenicity 

The U.S. Department of Agriculture (1984) stated 
that simazine was non-carcinogenic. in mice fed 
603 mg-kg" in the diet for 18 months. Garrett at al. 
(1986) noted some genotoxic activity‘ oi simazine in 
a screening survey for the genetic activity of pes- 
ticidefs. Anderson et aL (19_72)(found ‘that simazine 
was not mutagenic to histidine-‘requiring’ mutants of 
S. typhimurium, nor was there any evidence of point 

- mutations. Erhgnova et al. (1987) found that sima- 
zine had no mutagenic properties in Sacchar'omy- 
’ces cerevisiae yeast strains. Shirasu etal. (1976) 
screened. pesticides for their with- 

out metabolic activation. Simazine was not mutagenic 
in a sensitivity test (recombination assay) using strains 

' 

of Bacillus subtilis. 

‘Others’ have reported that ‘simazine is weakly 
. mutagenic. Shanna and Panneerselvam (1987) re-- 

ported that simazine inhibited germination and reduced 
the mitotic index in barley progenies following .a single 
6-h pulse exposure of the seeds (concentration not 
given) at the time of" peak DNA synthetic activity. It 

was concluded that simazine is mutagenic and may 

’-*=='~.~ 

~. 

-a

A 

' 

""-



be karyotoxic. Simazine" was non-mutagenic in a 
number of microbial mutagenicity systems (employing 
S. typhimqrium, Escherichia coli, B. subtilis, and 
Serratia marcescens) but was weakly mutagenic in the 
fruitfly (Drcsoph_iIa me/a'noga’ste‘r).' Other mutagenicity 
and carcinogenicity studies are summarized in U.S. 
EPA (1987). ‘ ' 

The US. EPA (1988) stated that data gaps exist 
for the oncogenic and chronic toxicity of simazine in 
rodents and dogs and for mutagenicity testing and me- 
tabolism studies. The WHO (1988) reported that.sirna- 

~. zine appears to be devoid of significant mutagenic or 
_ 

genotoxic activity; however, the lntemational Agency 
for Research on Cancer has not yet evaluated sima-. 
zine, asthe information is-apparently inadequate for a 
full evaluation. A ~ 

In teratology studies, the U.S. EPA (1988) re-. . 

porteda_three-generation reproduction study with rats 
fed 100 mg-kg" in the diet (approximately. 5 mg-kg?‘ , 

b.w.-d'-‘) for 93 (weeks, ‘which produced a NOEL 
of greater than 100 mg-kg"; no specific end point 
besides "repro,ductive performance" was mentioned. 

Metabolism and Depuration 

No accumulation of simazine in the tissues of. 
livestock animals has been noted, although the 
U.S. EPA (1988)_ indicated the need for long-term 
studies that include analysis of simazine and its 

' metabolites in meat, milk, poultry, eggs, and other 
commodities. Tekel et al. 

( 
(1988) reported traces of 

simazine i_n commerci_al milk and butter samples in 

mgokg" in the butter and 0.002 mg-kg" i_n the milk)-.» 

Vlden et al. (1987) found trace amounts of simazine in 
milk (approximately 0.002 mg-kg") in Czechoslovakia. 
These levels were well below the Canadian negligible 

. Czechoslovakia (maximum concentration of 0.014 

residue limit of 0.1_ mg-kgf‘ (Health and Welfare ‘ 

Canada, 1989b). 

Guideline 

The derivation of a. waterquality guideline for 
livestock watering requires valid chronicTt'ox_icity and 
bioaccumulation data for livestock consuming simazine

, 

in their d_i_etary water. Except for two reports mention- 
ing that trace amounts of simazine have been found 
in dairy samples (Vlden et al.- 1987; Tekel et al. 

1988), no other evidence of simazine residues in‘ 
livestock products has been found. (As simazine is 

it 
readily metabolized and excreted by mammals [U.S. 

'23 

Department of Agriculture, 1984], the specific concern 
related to this" compound should be excretion in milk.) 
No data are available concerning thechronic toxicity 
of simazine to livestock; the U.S. Department ,of ~

V 

Ag'ricultu're (1984) provided a NOEL for cattle’ of 
10 mg-kg"-d", but this was a short-term NOEL from a 
10-d.study. «

7 

In the absence of the required information, the 
‘derivation of a guideline for livestocklwatering requires . 

use of the raw drinking water guideline. This proce- 
dureprovides a margin of safety for livestock and pre- 
vents the accumulation of unacceptable residues in 
animal products (CCREM. 1987). As an IMAC of 10 
pg-L". for simazine in raw water for drinking water 
supply has been proposed (Health -and Welfare 
Canada, 1989a), this value is also proposed as an 
interim guideline for water used for livestock watering. 

Irrigation 

Toxicity to Crops. 

Simazine has been found in irrigation waterwith » 

maximum concentrations ranging from 0.25 mg-L" 
(Anderson et al., 1978) to 0.70 mg-L" (Smith et al,. 
1975), the latter in the first ponding water after a 
ditchbank application of 22.4 kg-h,a".— A concentration 
of 0.15 mg-Li‘ is known to injure alfalfa and brome 
grass (Korven, 1975). To protect sensitive crops, 
therefore, these limited data suggest a" simazi_ne 
concentration in irrigation water below 0.15 mg-L5‘. 

Pringle et al. (1978) studied the impact on six 
crops of simazine residues in irrigation water collected 
from ditchbanks. The herbicide was applied at concen- 
trations of 0.01 and 0.10 mg-L" in the irrigation water. 
These concentrationswere what the authors assumed

. were.the maximum amount and 10 times the maxi- 
mum amount fhat}wo_uld likely be expected after ditch- 
bank application (cf. Smith et al.. "1975). Crops were 
harvested 7.and. 30 d after treatment; growth and pro- 
ductivity were not measured. No simazine residues 
were found in corn grai_n or pinto bean pods, whereas 
trace amounts were found in pinto bean foliage and 
cucumbers. Concentrations ranging from 0.6 to 2.9 
pg-kg?‘ (detection limits not given) were reported in 
tomatoes, sugar beets, and corn foliage. ‘The highest 
residues of simazine were found in alfalfa (6.4 pg-.kg" 

"at the 0.10 mg-L" irrigation dose). These concen- 
trations were well below the Canadian) negligible 

' 

residue limit of 100 _pg~l<g" (Health and Welfare - 

Canada, 1989b). The authors suggested that simazine



' 

7 Guideline 

concentrations of up to 0.10 m-L" in irrigation water 
would result in little-‘simazine accumulation in a_va’riety| 
of crops. / 

' ~ -

' 

Wile (1967) collected water from a pond that had 
been treated.28 cl previously with 3.0 mg-L" of sima- 
zine ‘(starting concentrationadded to the water) and 
used this water to irrigate tomato and-soybean plants. 
The simazine-contaminated ‘water killed all thevtomato - 

plants and damaged the soybeans, but the actual con- 
centrations of"s‘imazine in the irrigation water were not 
measured.: . 

Guideline 
K 

‘ 
’ 

. 
. '\ 

The U.S.’ EPA (1977) recom_mended that triazine 
herbicides should have stringent restrictions placed on 
their presence in irrigation water to protect sensitive 
crops. This limit was set at 10 pg-L". The Ontario 
Ministry‘”of the Environment- (OMOE, _1984)‘recom- - - 

m_ended‘a limit of 0.5 pg-L" as a general guideline 
for triazine herbicides in irrigation water to prevent 
damage to seedling crops, because injury has been 
shown with seedling crops irrigated with water con- 
taining this concentration of triazine «herbicides. 

” Although information is limited," the OMOE (1984) 
recommendation of a concentration of 0.5 ug-L" sima- 
zine in irrigation water would appear adequate for the 
protection of non-target plants. Therefore, this level is 

‘ proposed as a Canadian water quality interim guide- 
line for simazine in irrigation water. Levels of simazine

’ 

, in irrigation waters may beelevated alter applications 
for weed control to the banks of irrigation canals. As 
outlined above, these waters must alsobe maintained 
for freshwater aquatic life. 
\ ' 

. 

‘ \ 
Recreational Water Quality and Aesthetics

\ 

The U.S. Department of Agriculture (1984) "re- 
ported that water containing 0.1-5.0 mg-L" simazine 
did not differ from control samples in tenns of its 

"sensory qualities." Water with simazine at 50 mg-‘L"' 
or greater had drastically alteredtaste and odour 
qualities. No other evidence was found in the literature 
to suggest that the presence of simazine in water 
would result in any aesthetic impairment.at con- 

uses. In the absence of other infonnation, a recom- 
mended limit forsimazine in waters used for recreation 
has not been derived. 

_ 

centrations that would be deleterious for other'water'7 
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industrial Water Supplies 

. Guideline 
.

‘ 

_ 

There is no ‘indication that simazine poses or 
has the; potential to pose a threat to the qualityof 
water used for industry when used according to ‘regis- 
tered use patterns. Although of potential concern if . 

found in water supplies, a water quality guideline for 
simazine in industrijal water supplies has not been 
recommended. » ‘ 

SUMMARY 
After an evaluation of the published information on 

the_ triazine herbicide simazine, the following water 
quality guidelines were derived (Table 10). The back- 
ground infonnation on simazine in terms of uses» and 
production, occurrence/in the aquaticenvironment, 
and persistence and degradation ‘was reviewed. The 
rationale employed for the "development of the recom- 
mended guidelines was summarized. ‘ 

Table 10. ‘Recommended Water Quality Guidelines for Slmazlne 
T use 1’ 

A 

' 

. Guidelines’ 

Raw water for drinking 
V I 

- 

, Water supply “1o pg-L" (iMAc)‘j 

Freshwater aquatic life 10 pg-L" 

Agri_cul_tura_l uses . 

Livestock watering 
Irrigation 

l0 pg-L" (interim guideline) 
0.5 pg-IV." (interim guideline) 

Recreational water quality - 

and aesthetics No mcom_r_ne_ni:led guideline 

Industrial vriater supplies No recommended guideline 
' Health and wéirmé Canada, 1989a. 
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Table A-1‘. Conoentr-ations of. Simazlnejn Water, Sediment, and Biota 
V

. 

Saugeen River; Ontarioyagricultural ‘ 

watershed.‘ - 

'

. 

Mean concentration 
V 

No. of detections] Medium Location (pg-L"). Range (pg-L") No. of samples ' 

Year(s) Reference 

Surface water Hillman Creek drainage, — ND-3’.6 132/360 197.3-75 Roberts et al., -1979 ' 

southwest: u Ontario (DL: 0.02 pg-"L" '

J 
agricultural watershed 

‘Surface water‘ 11 agricultural" watersheds in 0.02 ND-0;3 —-—' 1975-76 
1 

at al., 1982 ' 

southern Ontario 
I 

0.06 "ND-3.4 ~ —' 1976-77
’ 

. 

Surface water Grand River, Ontario, 0.(-X1112 »ND-0.01 Z)’ 
4 1975776 Frank, 1981, 

agricultural watershed ' 
O 

i’ 

g

' 

0.(X)03 ND—0.01 30’ 1976-77 

Surface water Saugeen River, Ontario, ND ND 0/14 1975-76 - Frank, 1981 
vagriculturalvwatershed (DL < 1 ng-L") 

\ ND
. 

(DL < 1 ng-VL") * ND 0/20 1976-77 
Surface water Mouths of 92 streams ‘in 0.2 ND-6.0 26/92. July 1977 Frank et*:_zl., 1979 

southem Ontario draining ‘ 

- 

' i 

.u 
, into the Great Lakes 

18 ‘ 

Surface water Nine streams ‘in central — <o.4 
‘ 1 

35 1976-77 -Hormann at .11., 1973» 
- Europe 

1 

0.4--‘V1.0 25 " 

1.0—*10 7
_ >10 0 ' 

(detected in 
70% of the 
samples)

‘ 

Surface Water Ioannina basin, Greece, 
‘ 

\ Sept. -19s4_ 
‘ 

Albanis et al.. 1986 _' ~ r agricultural watershed 5 Sept. 1985 
i 

- 

i 1 

- river. stations — ND-14.8 13/15 

- canal stations \ _ ND_'s.2 1 

8/10 

_ 
- lake stations —_ ND-80.2" 27/36 

1 

« 
' 

g ‘ (DL-= 0.2 pg"-L") ’ 

Surface Water 
1 

Grand River, Ontario. agricultural" ND (DL = < 0.02 pgolj‘) 0/95 1981-85: Frank andlaogan, 1988 
watershed’ V 7 

Surface‘ water 0.1- — 1/143 1981'-85 Frankand Logan, 1988 

ND = not detected 
DL = detection limit 
‘Unless otherwise indicated.

_ 

'Number of detections and number of samples not recorded. 
‘Number of detections not recorded. .



Table A-1. Continued 

Mean concentration 
Range 013°!-") 

No. of deteettons/ 
- Medium Location (pg-L")° No. of:sarnple‘s v Year(s) Reference 

Surface water River, Ontario, agricultural 0;] — 8/N2 ' 1981-85 Frank andtbogazn, 1988 
' watershed ‘ 

Surface’ water Po River; Italy —' <0. 1-016 Aboveu0.01 113-1.“ 1986 
' 

V 

Galassi et al., 1989
1 

' 

V 

1 
_ 

-in 70f 12 samples ‘

' 

«J 
j 

surrase-water United states — I ND—l300 377/5067 — -u.s.1=.1>A, 1937 

surface water Iowa, untreated surface water» _ 0.27 1/.1-30' 1935-35 Wnuk at ez.,' 1937 
- 

‘ ,(DL.= 0.2 ug-1;‘) 
~ - - 

' 

Surface water Iowa, treated surface/water — 
. 

ND 0/140 1935.36 wnuit et al., 1937 

Groundwater , Rural tarrn wens in southern Ontario, — ND , 
b 

* 

V 

0/91 1934 Frank e1al~., 1987a 

. rnineral soils (DL =-'O,,l ng~L") 
_ 

(only used on 1 of - 

91 farms)
_ 

1 

‘Groundwater Rural farm wens insoutnern Ontario — ND—8.8 Detected in 10 of 1937-=34 Frank et 41.. 19371. 

suspectedof contamination (DL = 0.1 pg-L“)- -l_6Q'wells 31.13, and 
' of contamination 

- Groundwater 
‘ 291 farm wens in Ontario — — Detected in 6 of 1935 

‘ ' 

Ripley ‘eta. 1986, 

g i 291 samples at a 
concentration above 
1.0 113-12" ,/ 

Groundwater‘ 
_ 

1 

California — 05-315 Detectedin 6 of‘ — Cohen et all, 1984 V 

’ 

. 105 we11s
‘ 

‘Groundwater United states (California, 
—‘ o.°z.3§o — V Z — Cohen etal., 1936 

Pennsylvania. 
Maryland) 

Groundwater United states — ND-800 229/2232 — US. EPA, 1937 

Groundwater ‘Pennsylvania 
‘ ._ o;o1—o.17o Detected in 14 of 1985-86 1>_i_on1te era1., 1933 

' 

, 

- 33 wens and 

_ 

\/ piezometer samples‘. 

Groundwater Province of Bergamo, northern Italy —— ND—0.2 — — l_3agna¢i' et'a1., 71933 

Suspended solids Mouths-of 12‘ Ontario, strearns flowing 
A ND 

‘ 

T — 0/45 '1-974-76 Frank er al., 1979 
' 

— 
1. intolhe Great Lakes (DL = 0.05 pg-L")

‘ 

x 
. strearn bed sediments Mourhs of Grand -and Saugeen rivers; ND . 

-1 
3 

A 0/5 1973-77 Frank, 1931 

_ 

Ontario’ (DL =.0.05 pg-If” 
' ' 

Fish.(Brawn bullhcad [Ictalums Hinrnan'cte'e1t drainage. southwestern ND ‘ — lo/33‘ 
_ 
1974 Roberts et al_., 1979 

n¢bul0su.r] shad‘ 
' 

Ontario, agricultural watershed: (DL not given)’ 
[Dorosoma cepedianum], black

- 

crappie [Pomoxis nigromaculatus]
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Simazine Persistence in Soil
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Table B-1. Slmazine Persktence in Soil 

1-0¢31i0l|/soil Application rate Soildepths Concentration of Time after . 

'

_ 

type (kg-ha")' measured (cm) residues 
_ 

treatment " Results and comments Reference 

3 

FIELD smnnss 7 

Columbus, Ohio 2.2 0-6 0.3 kg-ha" 5 months ’ 

Residues measured using an oat bioassay. Sirnazine at - Slroube and Bondarenko, 1960 
: 

Silty clay loam 2.2 0-15' ND 1 year 2.2 kg-ha" did not reduce‘ the yield of any of the crops 
' ' 

3 

- 

-\ 
OM-= 6.3% 4.5 70-15» 

_ 
. 0.5 kgvha" 1 year following com >

' 

; 

.pH = 6.4 9 0-15 3.1 kg-ha" 1 year 

Begbroke, England \ 
. 

- 

_ 
. . 

Sandy loam "soil 1.8 0-10 Phytotoxic residues persisted for 12 Phytotoxicity (as determinedjby turnip bioassay) ha1f—1ife Clay and McKone, 1968 
Sand = 74-4% .months post-treatment on uncropped 5 2-4 weeks ' 

Silt = 10.4% plots‘ 

Clay = 15.2% 
OM»= 3.1% 
pH =.6.7 

Oxfirrd, U.K. . - 

C0386. sandy loam 1.68, for 6 years 0-15 0.02-0.03 pg-g‘! 
_ 1 year Residues determined by turnip bioassay and some Fryer and Kirkland, 1970 

Sand = 75% to maize 
' 

confirmed by GLC. No accumulation of residues as 
Silt = 12% 0-result of successive applicants. -Residues concentrated in 

- Clay = 11% top 5 cm soil. After 6 weeks, 75-80% decline in 
C3‘ OM ‘= 2% phytotoxicity. Remainder declinedvmore slowly. 

' pH‘: 7
. 

Oxford; U.K. . 

Coarse, sandy loam 3.4, applied twice 0-15 0.6-1.9 kg-ha" prior $29 weeks No accumulation as a result of successive -applications. 
58Ild‘= 75% armually to to subsequent - V 

Si1t_= 12%. uncropped field‘. sprayings 
Clay = 11% for 6‘years 
OM = 2% 
pH = 7 

Southern Ontario, 4.5, for 9 years 0-15 ' 

0.108 kg-ha" 1 month Residuesvdeterrnined-by GLCII/MS. No vaccumulationof Khan and Marriage, 1979 
Sandy loam soil to peach orchard 0.041 ka-ha" 4 months residues as aresult of successive applications: some 

' 
' 

0.018 kg-lia" months persistence of metabolite hydroxysimazine noted. Annual 
0.(X)1 kg-ha" 28' "months simazine loss over 95%. 9’ 

OM = organic 
ND =:not danced 
‘ Unless otltrwiseindicated.



88

1 

Table B-1. Continued 

Soil depths.‘ 

compositions ranging: 
Sa.nd- 44.8% to 914% 
Clay - 2.0 to 35% 
‘OM -' 3~.0'to 7.2% 
‘pH - 4.8 to‘ 6.1 

‘ 

1'Meanvand standard deviation 3-year study. 

soil horizon, however, some was recovered between 15 
and25cmin3ofthe4‘s_oi|s. ' 

Location/soil V 

_ 

Application rate Concentration of Time after
A 

‘yin 
' 

(kgaha“)' measured (cm) residues treatment Results and comments Reference 

Saskatchewan _field plots 4.5 0-5‘ 30% :t 16%?!’ 5 months Residues detected at end of growing". season. Minimum Smith and Hayden, 1976 
Sandy loam _ 

' 

degradation over winter months.- Less than 2% of applied 
OM = 3.2% rate detected at 5- to ,l0—cm depth. indicating minimal

’ 

pl-il= 6.7 
’ ‘ leaching. ' 

- . 

Heavy clay 4.5 _ 
_ 

0-_5 
_ 

43% :1: 15% I 
Smonths 

‘ OM = 4.2% 5 e 

pH = 7.3‘ I 
.

* 

Silty loam 4.5 0.5 30% 1 14% - 5 months 
OM = 11.7% '

' 

‘ pH =.6L2 
’Wellesbourne, Walker, 1-967a‘ 

Sandyloarn
A 

Clay =- 18% OM = 2% 
pH = 6.2 

I

- 

- incorporated ‘(3-4 cm) 2.0 0-75‘ ~X)% remaining 200 d‘ ' Little differences in degradation noted between‘ - 

i 
A 

v’ 
‘ 

- 
v incorporated and unincorporated herbicide applications. 

5 unincorporated (surface) 2.0 . 
.0-7,5‘ ~20% remaining. ‘ 200 d Half-life range (interpolated from graphs) 3-5‘ months. 

' Wellesboume, UK. 
_ 

- 

’ 

. 

‘

, 

Sandy loam 2.0 0-7.5 — — ‘Half-life range‘ 42-75 d. After 120 d, 20%-30% of initial Walker, 1978 
Clay = 18% ‘ 

' 

application remaining. Slower rate co: pondsto cool 
oM = 2% soil conditions;

‘ 

pH = 7 . 

' 

” 

‘ 

«
' 

Lexington, Kentucky 3.4 0-8 — —- Oat bioassays ‘indicated more rapid decrease in photo- -Slack etal,, 1978 
Maury silt learn 

' 

toxicity unde/rx no-tillage compared with conventional"
V 

- no-till corn «tillage. Under no—tillage, lower persistence noted'at lower’ 
OM = _4.3%—5.l%v :pH values. 
pH =*4.3—6.‘3 

y--conventional till‘ com ‘ 

-OM = 2.7%-3.1% 3:4 .0-8 — — 
pH = 4.9-6.2 

" 

Annapolis,Va1ley, Nova Scotia‘ _ 
_ 

A 
.

2 

4 typical‘ soil types with 3 kg-ha" 0-25_'cm_ 2%—5% one year Most of the measured residues located inthe 0-10 cm A 

Jensen and Kimball, 1982 ‘



Table B-1-. Continued 

Soil depths Locationlsoil. » Application rate Concentration of‘ ?I7irrie after 
type 

' 

. 

‘ 

(kg-ha?')' measured (cm) residues 
7 

treatment Results and comments Reference 

Prosser, Washington -1.1 ‘k_g-ha"- 
_ 

0-30 cm 0-67 kg-ha" 1 year _Most of the measured residues located-in the 0-10 cm Dawson et al., 1968 
Wardenisilt loam 6 years to grapes 

' 

soil horizon, 
I

' 

‘ 8”?“ 
Sand -, 38.4% ’ 

Clay - 820% 3.4 kg-ha" 0-30 cm 2£'24'kg-ha" 1 year \‘ 

Silt - 53.6% 6 years to grapes 
I

‘ 

OMV - 2.0% ' 

., 

pH .- 7.3 ' 

Nebraska 7 . - 

4

. 

Silty clay loam and twoclay - 2.8 /70-8‘ 1.83 pg-g" 4-months Residue levels determined with oat-and soybean Burnside er al., 1963 
loam soilsvwith varying. \ 

0.23 pg-g" 16 ‘months bioassays. 
' 

' '
' 

' compositions 
' 

‘
' 

Sand = l6.1%—49.1% 5.6 0-8 
Clay '= l9.3%—30._7% 1.67 pg-g“ 4gmonths 
OM = 2.2%—3.0% 0.43’ug-g“ 16 months 
sin = 3l.6%—53,.2% 111,2 .o—-s- 

’ 

.

' 

pH = 5.2-7.1 ' 

2.00 ug-g“ 4 months 
» 

\ 

0.63 ug-g" 16 months 

8 Taichung, Taiwan‘ » 
. 

p 

' 

- 

_ 

, . 

Clay loam 2 1.5-10 ND 
7 

112 d,‘ summer 7 Summer half-life = 18 d (hot, wet). Winter half-life = Chen el al., 1983 
‘Sand: 42.5% and winter 24 d’ (cooler..dryer). No residuesdetected below l0«:m 
Silt = 26.7% depth. 

' ' 

OM.= 1.43% 
'.pH = 5.1151 

-Taipei, Taiwan 
_ 

» ‘ 
- 

_ ; 

‘

' 

loam soil. 
V 

2‘ 1.5-10 ‘ ND 84 d Autumnhalf-tlife = 14 d. No residues detected below Chen _et al., 1983 
Sand = 32% ' 

- 10—cm depth. - 

Silt = 47% ~ 

0M,= 1.8% 
pH‘=.4.3 

_

\ 
7 

Britain. ‘112 (simulated -» 0-5.1 93% 29'months - Percentage of original ‘application remaining. 29 months Hance, 1984 
spi11)- 5.1-10.2 3.3% 29 months after simulated spill. ' ' 

10.2-15.3 1.1% 29'months 
, 

1 - 

15.3-30.6 1.3% .29 months 

LABORATORY STUDIES 

Sandy -loam 8/4/2 pg-g" —- — — Laboratory incubation studies -at 25°C and" 11'-7£—12% soil» Walker, l_»976fa 
Clay = 18% ‘ 

(initial -con- moisture. Observed half-lives = 43/39/36 d for initial 
V

‘ 

OM'= 2%: centration) concentrations indicated; respectively. ’
' 

7’ pH = 7 ~



Table 13.1. conniiued V 

Location/soil Application rate Soil depths Concentration of Time after - 

V 

,
. 

type 1 (kg-haT')' measured (cm) . residues treatment Results and comments . 
- Reference 

Sandy 103-m“ 
‘ 

8 pg-g" _ _ J — 
_ 

Lalvoratory incubation studies in 25°C and moisture 
‘ wauwi, 1975;... 4 

Clay‘: 18%’ 
) 

(initial con'- * 

' 

7 
contents ranging from 13.2% to 4.8%. Half-life range 

OM'= 2% centratior1)' 
1 

’ 

- 
’ 

observed for this interva1:37—85-df 7 \ 

pH = 7 . 
_ 

' 
. _ 

‘ I \ 

0’? 

Coarse sandy‘1oarri 4 pg-g7‘ . ;— — ' — Laboratory incubation studies; Temperature‘ change from Walker, 19761: 
Sand = 75% ' 

(initial con- 
' ' 

' 

‘ 
- 

_ 

‘ 3o°cm 5°C yielded half-life<c11angc from 29 to 209 d at 
Silt = 12% ccntration) . 

_ 

,‘ 4% moisture content and 16-15 d at 12% moisture 
Clay = 11% 

1 

content. . 

'1 ' 
i 

‘ 

\, 

OM = 2% " 1 

pH = 7 

Neuhofen, Germany ’ 

V 

. 
.

V 

Sandy loam‘ ' 10» pgog" V 
_ 

V 

_ — Half-:1ife = "100 d at".’.2°_C and 40% moisture capacity in Burkhard and Guth, 1981 
Sand = 83.8% 1 

(initi‘al'con- - 

. 

' 

, _ laboratory incubation study.» 
1 

'
— 

‘Clay. = 7.3% ccntration) . 

~ ~ — 
‘ ' 

OM_= 3;8% ~ 

’ 

, 

- a » 

PH = 6.5 . 

Hutzenbuhl‘. Germany , 
. , \ . 

'

A 

I 

Loamysand - 

1 

p 

10 pg-g‘. . 

— — — ' 

Half-‘life = 45 d at-22°C and 40% moisture capacity in 1 Burkhardand G011). 1981 
Sand: 77.1% . (initial con- ‘ laboratory ‘incubation study. '

. 

Clay = 10.5% centration) ' 
. 

' 

.

‘ 

OM = 1.3%‘ ‘ ‘ 
'

1 

pl-1'= 4.3 
' ‘ 

SOIL COLUMN i 

‘LEACHING TESTS‘ . 

‘Sandy, loam » 

' 

_ 

5(80% ai) 
I 

10 93% . Proportion of chemical remaining [after irrigation with 20, Hogue er al., -1981 
'Sand:=-.. 70.1% ' 

_ 

- 
' 

_ 

35% 
A 

40,-and‘ 80 cm water, respectively. 
sin = 25.1% . 

’

V 

Clay = 4.8% 
OM =— 1.4% - 

— 

1 

.

- 

pH»= 4.6 
_ 

- 

' 

1 

' 

_ 1 

- 
-

" 

Loam ' 
' 

1 

5 
I 

10' 
. 92% .. 

_ 

Proportion of chemical remaining after irrigation with.20, 
Sand é 395% 7 

_ 

49% . 

I 

40. and 80 cm water; respectively. 
"Silt = 33.1% ’ 

A 

_ 

16% ’ 

1 . 

‘
‘ 

,c1ay»= 22.4%. 
‘ 

‘ 
' ' 

'

' 

OM ‘= 3.8% 
pH = 7.5
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Appendix C. 
Observed? and Calculated Bioconcentration 
Factors for Simazine in Aquatic Organisms



Exposuremediurnl 
_ 
Tissue] Bioconcentration .

, 

Species concentration Fonnulation 
_ 

concentration factor-(BCF)' Timed span Comments Reference 

Fishv(f|eshwater) F Rodgers, 1970 
Green sunfish 

’ l
‘ 

(Lepom' -cyanellus) 4 Water/1 pg-g" — .Whole‘body/0.95 pg-g" 0.95 3 weeks 
V 

Water/3 pg-g'l +~ Whole lbody‘/2.29"ug-g“ 0.76 3 weeks 

Diet/3"pg-g" b.w. — Whole body/0.0-pg-g‘-‘ — l 

3 weeks 
> 

Force fed, weekly analyses 72-h 
' 

‘ 

~ 

. after last feeding. “' 

Diet/l0 pg.-g" b.w. ' — Whole body/6 ug‘-g" 
I — 3 weeks‘ Force‘ fed, weekly analyses72 h 

l 
l 

' after last feeding. - -

” 

Diet/l0 pg-g" b.w. — Whole body/0.0 pg-g" — 3 weeks As above. ‘but 168 h after last . 

~ 

7 

' 

feeding. ' ’ 

A 

Depuration ‘in clean water — Whole body/0.0 pg-g" 7_d 
' 

\ 
_

' 

‘- Various fish (freshwater) 
_ 

Water/1.7 mg-L" ;—- Viscera/1.1‘ pg-g" (ludr "<1 30 d 
l 

Similar=panem.,in fishvmeat; Thomas," 1967 
(Lepomi; 

A 

'‘ 

post-treatment), 0.47 
’ 

however, residues in skin reached 
3 (Bullhead liluegill) » _ug~g" (30 d post- ahigh of 0.95 pg-g"v (8nd) and 

(lctdlirnu .rp.), green treatment) 0.56 pg-_g"' (30 d) post-treatment. 
sunfish (Lepomi: 
cyanellus), pumpkinseed 
(Lepom' gibbosus), 
goldfish (Carassiusp 
'auraIu.r) 

Fish (freshwater) Bluegill, ' Water 
V 4 — 5 28 d — Reinert and Rodgers, _ 

(Lepami.r‘macrochiru.r) 
7 

1987 ' 

Fish (freshwater)‘Blueg_ill Water/single dose, initial — Whole body <1 Long-term 
‘ 

Concentration in fish generally less 
‘ 

Mauckxel 41., 1975
' 

(Lepomiapmacmchinas) concentration 3 mg-L?‘ ‘exposure in than exposure concentration » A 

V 

treatment -throughout»2‘-year study in 
ponds treatment ponds. 

Fish (freshwater) 
' 

Water — 2 23 d — "l 

Reirrari and Rodgers, - 

Catfish‘ (Ictalrus sp.) 
' 

' 

1987 

Fish (freshwater) Technical 
Rainbow trout (Salmo Water/static, nominal ‘ ' 

_ 

_

- 

’gairdnen') (1 year old) ‘ 

' ll pgogf" (ai) Flesh 
_ 24 h Bioaccumulation generally .pro- (Dodson and Mayfield, 

' 

5 
- V 4 

‘ 

u'g-gT' (ai) 
I 

0.15 portional to exposure 1979 - 

12.5‘ rug-g" (ai) 0.26 concentration. 
‘ 

0.27 ‘
«

L 

Table C-1. “Observed and Calculated Bloconcentration Factors for Slmazinc in Aquatic Organisms- 

b.w. = body weight 
'BCF (" ...:.... factor); In .r (water or diet).



Table C-l. Continued 

Exposure ‘medium! Tissue] Bioconcentration 
p 

. - 

_ ‘ 

~ Species concentration Formulation concentration ‘ 

factor (B_CF)' 'Time.span Comments Reference 

Princep 80W.: Fish residues ‘well below water 
_ _ 

\ concentration. 
1 pg-g" (ai) 0.08 . 

4 pg-g" (ai) 
V 

i 

0.30 
12.5’ pg-g" (ai) .0._l8 .

z 

Fish 
_ 

'

\ 
(fieshwater) — Water/continuous — — \ 55 — Abstract only available. No Mayer-and Sanders, 
Fathead exposure to 1.7 mg-L" sirnazine‘ residues after 3-d 1977 ' 

minnow 
4 

’ 

» exposure to uncontaminated water. 
(Pimephdles 

‘ ‘ 

promelas) 

Benthic Water/single dose, initial — Whole body 92 , 8 d Maximum reported Bfliifrom Mauck et~al.. 1976 
invertebrate 

' concentration 3 mg-L" 
V 

- treatedpond. BCF based on ’ ‘ ’ 

Mayfly ' measured residues in water and 
‘(Hexagenia mayflies 8 cl post"-treatment. BCF 
sp.) subsequently declined throughou 

‘ remainder of year. . 

Aquatic plant _ Water/5 mg-L" 98% Stems and leaves Residues Exposures for:- Maximum BCF = 4.4. Dabydeen and Leavitt. 
(Elodea 

‘ 
‘ 

‘ 

x (ng-mg“ dry ‘w:.):. . 

- 

' 

1931 
. canadensir) 4 0 min - 

l4 5 min 
\ 17 20 min \ 

'1 22 ‘60 min ‘ 

>22 
’ 

120 min
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~-—— Appendix D. 
Acute~and: Chronic Toxicity bf Sima 
Freshwater Aquatic Organisms ” 

zine to



Table _D-1.-_ Acuteand Chronic Toxicity of Slmazine to Freshwater Aquatic-Or-pals 

Water . 

. Temperature hardness Formulation Toxicity 
Species Test conditions (°C) pH ' 

(mg CaCO,~L")’ (% active) parameter 
_ 

Ref¢l¢nc¢ 

Fish 
H 

. 

p 

l 

/, ,, 

l 

\ . 

Striped has fmgerlings 96-h static test;,no solvents used; - 21 6.9 35 and 137 (2 tests) 80% wettableppowder 96-h LC,,,'> 180 mg-L- 1- McCann_,- 1980 
(MOFOM Sdlilfilll-V) at highest concentrations (180 

4 

. ('l‘44 mg-L-1) as active 
' 

mg-L"), precipitate formedvon ingredient) (no fish died at 2 
bottom of containers ' highest concentrations: 100! 

- = we mg#L*' 
_

F 
‘Fish -

' 

‘Striped has‘; 
. 

48-‘h statictest; no aeration: 20 :t 1 7.7 120.1: 15 (soft) Commercial preparation 
‘ 

48-h LC5,,_= 16 mg-L" Fitzmayer etitil., I982!) 
(MOFOPIB mrdtilis) simazine concentration measured 20 1: l 8.1 20 1: ll (hard) 80% active; test con- 48‘-h LC” = l8 mg-L" 
K 

.. at beginning and end; organic’ ‘ ccntrations on I

I 

3‘-d-old larvae solvents‘ not used.:Note: up to 201 1 717 l20,:l: 15 (soft) active ingredient ‘ 48-h LC50 > l00‘mg-L" 
30% mortality in controls - 

'
V 

7-d-old larvae ~ 20 1 1 8.1» 
_ 

20 1 11 (hard) 48-h Lcso > 100 mg-1;‘. 

Fish 
‘ 

, 

V 

. 

'

, 

Striped bass fingerlings 
_ 

— — — — 80% wettable powder‘ 96-.11 LC” = 0125 mg_-L" Wellbom, 1969 ' 

(Roccus saxatilis) ' 

'
‘ 

Fish - 

, 
V _ 

> 

S j
p 

_ 
S¢|’lP¢<i,zba$.fln8€|'lin85. ' 

.3 mg-L" in=aquaria exposure — — — 80% wettable powder No mortality at 3 mg-L" Cook and Smith, 1976 
(Moron: saxatilis) . 

- 

' 
'- 

. 

‘

. 

Fish 
' 

l 

- 

.

_ 

Striped bass fingerlings 3 mgol." applied 3 times at 7-d — -— — 180% wettablepowder No -mortality at 3 mg-L" Cook and Smith, 1976 . 

(M0"0'l¢ Stlmtili-V)” intervals in pond exposure 
0

0 

Fish ' 

o
I 

Fathead minnow 96-h static test ' 3 7.4 44~ 4% granular 9,6-_h LC” = 
o 

Mayer. and Ellersieck, 
(PimephaIe.r«promela.v) - 

' 

(range = 3.5-7.2 mg‘-'L") ~l986 
V" 

Fish 
' 

_ 

» 

V

1 

Faflicad minnow 
V 

o 

96-h static test 75 7,4 - 44‘ 80% wettable powder 96-h LC,” = 510 mg-L" Mayer and-Ellersiec 
(Pimephales pramelas) ’ (range =.- 373—698'mg-L") 01986 

p 
.

‘ 

fish 
' ‘ ” 

,1. 

(Bluegill 
, 

_ _ _ _ — LD,o '> 100 mg-1;‘ Sanders, 1970 
(Lepomis niacrochinu) ' 

1:51". * 
V 

« .

I 

Bluegill — .. _ —— LD_.,o.> 90.rng-L" Worthing and Walker, 
(Lepomi: macrocha'm.r) 

‘ 

v 1987 

Fish « 

I — 
_

‘ 

Sunfish 
V 

’ 

. Static, salt used as» a canier: —— — -- — LC” range = ll—695 mg-L" Walker, 1964 
(L¢P0""'-“PP-) ‘numerous varieties of sunfish ’ 

-tested; duration of 5tests not- 
specified



_rabre’ n_-1. Continued 

Water
4 

» Temperature » 

a hardness 
V 

Formulation 
, 

Toxicity ' 
=

V 

{ 
Species _ Test conditions , 

_ 

(°C) pl-I (mg CaC0_.,-L“) (% active) 
V 

parameter . Reference 

Rainbow‘trout - Static, 40—L aquaria H 
i 

18 7.2 f 150 50-100 ' 

. 
24-h TL_ = 95 mg-L'‘ ’ 

Alabaster, 1969 
(Salmo gairdnen) » 

' " ' 

. 

' ' 

*\ ‘ 

rash‘ 
Rainbow trout 

' 

Static, 40—Laquaria .7;2 48-h 'I'L_ = 43: mg-L" 
_ Alabmter, 1969 

’ (Salmo _gar'rdnerr') ' 

- 
- ' - 

Fish 
, 

. 

/. 

Rainbow trout ‘Static 7.4. Technical grade‘ 
’ 

96-h LC” > 100 mg-L" Mayetand Ellersieck, 
(Salmo,gar‘rdnerr') - _ 1986: Wonhins and 
\ 

. Walker, 1987‘ 
.( 

Major carp fingerlings - Static, aerated, hnrneasured — 96-h LC” bctweenfi and 50 Singh and Yadav, 1978 
(Cirrhirra mriggla) mg-L'' ‘ 

Fish 
_ _ 1 

Major carp fingering: 24»-d static test ‘in 90—!. aquarium — % mortality vs‘. initial Singh and Yadav, 1978 
(Cirrhina gnrigala) with -aquatieplants; notaeratedzj simazine concentration '

- 

not measured; aquatic plants‘ died~ 25%—2.5 mg-L“ 
post-treatment 35%—5.0 mg-L" 

50%—7.5 mg-L" 
3 

V. . 

Note: water quality ‘ 

paramcters- not measured, . 

potential deoxygenation noted 

rash ~. 
_ 

~ 

' 

» 

' 

.

_ 

Common carp Static egg hatching tests. 7.5 50%" hatching at 40 mg-L" 7 Kapur and Yadav, 1982 
.(Cypr'im4: cdlpio) ' urirrreasured - 

) 
Note: no apparent correction for % defonnedlarvac vs. \‘ 

control data‘ concentration
‘ 

9%—20 mgoL“ 
12%-30 mg-L" 
2l%—40V mg-ii‘ 
53%-60 mg-L" 
no hatch—80 mg-L" 

Aqliatic earthworms "Static 
\ 

"Slightly 8'O%v'wet1able powder 96-h LC” = 28 mg-L" Walker, 1964' 
(0ligocIIaera) alkaline’ ' 

, _ . 

Common midge larvae Static Slightly S095 wettable powder 96-h LC” = mg-L" Walker, 1964 
(Tzndipedidae) alkaline. ~ 

.

' *



Table-D-1. 4. Continued 

Water 
. _ Temperature 

_ hardness Formulation Toxicity _ 

Species Test conditions (°C) 
‘ pH (mg CaCO,-L") (% active) parameter Rnfelcnce 

V 

Cnrstacean Static, unmeasured 
\ 

20 t 1 7.4-‘-7'.7 105-120 Commercial preparation 48-h LC,,,.= 5.3 mg-L" Frtzmayer et.aI., 1982a 
(Ddphllid pillar) ' 80% active; test con- 48-h LC,,, = 21.3 rug-L"‘ ‘ 

‘J 
i ‘ 

cenu'ations.reported as 48‘-h LC,-,'= 92.1 1'ng-L‘'‘ 

‘ 
I 

, active-ingredient 

Crustacean Static withdaily ieplacement of ' 

' 20 :l: l 7.4—7i7 l0S—l20’ ‘Commercial preparation Average survival‘ times: at 20 Fitzrnay_er at 61., 1932; 
(Daphnia pulex) test-so_Iu’tion, cleaning of 

' 

-’ ‘ 
' 80% active: test con- rngvL"—9.61d; 4 mg-L"-765% ' ' 

containers. and food centrations reported as dead: after 25 d, witl-rmost 
replenishment; concentrations of ’ active ingredient mortality during 21-25 d 
4 mg,-L" and 20 1ng~L", plus 

\ 
(growth suppression,

’ 

controls , 
‘ 

I 
reproduction delayed) 

_ _ 

Crustacean 48-h static; no aeration: simazine 20 :l: l 7.7 I30 1 '5 Commercial preparation 48-h LC,,, > 50 mg-_I."- gfiitzmayer. er al., 1982b 
(Daphnia pulex) 

” 

measured at beginning andend 80% active;‘ test con- , 

for highest concentrations L 

4 Z) :t 1 8.1‘ 120 1 U centrations reported as '48-h ‘LC, > 50 mg-L‘' 
) active ingredient

' 

‘Crustacean’ Static 21 -7.4 272 Technical grade Immobilization at 1 mg-L"‘ Sanders, 1970 
Daphnia magna (4811) 

Seed Static v 21 ' ’7.4 
I 

272 Technical grade Immobilization at 3‘.2'mg-L‘' »\ Sanders, 1970 
(C ypridopsis vidua) ‘ ’ 

. 
_ (48 11) 

Crustacean‘ Static 21 : 1 3.4 250 Technical grade 48-h Lc,, 5 3.5 nag-L" Marchini etal., 1933 
Daphniiz magira ’ " 

'

' 

-Aquatic plant . ‘Static, unmeasured; — — — — Technical grade (93%) 2+1. 1.01:1. #_- 3‘mg-L" Dabydeen and Leavitt, 
(Elodea canadensis) morphological and structural ' ' 

(Note: 1 mg-L" produced no 1981 - 

. 5 
- changes examined visible change~afier 24-96 h) 

Periphytic algal community Limnocorrals in .ria4=De'lta Marsh; / +7 — — Technical grade Community LC,,,(herbicide 
_ 

Golckborough 
. treated with 0.l, L0, and 5.0 ’ 

concentration causing 50% Robinson, 1986 
mgol.“ simazine just priorto reduction in biovolume) 

'
' 

algal colonization ' between 0.1 and 1.0 mg-I"
_ 

p 

Filamentous algae Static test’ flasks innoculated with 50% inlriliition of photo- O’l‘1eal and Lembi,
' 

sirnazine to produce test con- / 
synthesisi I983

' 

. centrations of 0.1-1.0 mg-L"; 
_ Cladbphora glonterata photosyntlresisrates rnemured for 0.77 mg~L'' 

‘ 
I 

' 

5-6 min before and after 
Pithophord oedogonia -simaziine injectionzglifirt intensity 25 i 0.1 -— _ + i

. 

‘ 
V 

100 11E-m"-s" ‘ 
\_\ 0.61 mg-L" 

Siprogym jurgenrii 
I 

i 

0.2 mg-L’' 
' 

Planktonic algae 
\ 
‘-\ ~ 

‘

1 

i 

0.95 mg-L": ’ (An\ki.rtrode.rmu.r _brau‘m'i) ‘



‘ 

Table D-1. Continued 

; 
Water 

See ‘ - quadricauda 

Chlainydomonas eugameto: ‘

) 

C hlorella pyrenoidosa 

shaking: simazine concentrations . 

(up-to 200 rng-L"‘)'_reported as 
active ingredients, based on 

A 
innoculation and notmeasuredjn 
situ; results determined 4 d after 
innoculatjon; results based on - 

. differences in populations 
determined by visual comparison 
by colour with controls. 

80% active, test concen- 
' 

trations basedion active 
ingredient‘

' 

“II, to .200 ms-L“ 

Increased growth at concen- 
trations up to 2m mg-L"- 

Not toxic atconccntrations 
up to 2(X)’mg-Lf‘ ‘ 

’ 

’, 
, hardness Formulation’ Toxicity _ 

v

V 

Species Test conditions {pl-I 
V 

‘ 
(mg CaC0,-L“) (% active) parameter Reference 

Green algae Static, unmeasured, used algal \ 7.7 -_- Princep 4G EC”-=-2.24 pg-L*" (using Turbak‘ er-a_l., 1986 

Selenastrum capricorrmtum assay medium; when stream 
' 24-h:oxyg‘en‘evolution assay) V 

- 

‘ 

water used, no inhibitory . EC,“ ='0.rl64‘ugoL" (using 
responseequivalent to 50% of 21‘-d‘ EPA bottle test) 
‘control occuned with con— .

' 

centration rangetested (o.o1—1o .

“ 

V 
_ 

F8‘-15')‘ 

Green algae 'St_atic.; unmeasured — — Technical grade At 0.052 and 0.104 mg-L“, . Foy and Hiranpradit, 
(Chlamydomonas .rp.») 

I 
- 

, stimulatory effect on 1977 
- chlorophyll in comparison ’

' 

with control (3.4% and 6.9%, 

g 

, respectively); at{0.208 
_ ’ 

‘ mg-Lt‘, inhihitoryeffect (i;e., 
-64.7%) on chlorophyll 

Green algae Static, unmeasured Technical grade At 0.52 mg-L", stimulatory 

_ 
(Chlorelhz sp.) 

' 

' 

‘effect on chlorophyll =in
‘ 

. 

comparison with control 
(56.4%); at 0.208 mg-L‘'',’ 

' 

inhibitory effect (i.e., 

__ 

‘ ‘ -62.7%) on chlorophyll A 
l?lanktonic algae Static test flasks with continuous 7 _ Conunercial preparation Not toxic at concentrations Vance ‘andvsmith, 1969‘,

I
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