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Abstract

A literature review was conducted on
.the uses, fate, and effects of picloram
on rav vater for drinking water supply,
freshwvater = aquatic 1life, agricultural
vater uses, recreational water quality
and aesthetics, ‘and industrial "water
supplies. .- The information is summarized
in this  publication. From it, water
quality - guidelines for protection of
specific vater uses are recommended.

Résumé

On a  examiné la documentation
relative aux utilisations, au devenir et
aux, effets du picloram sur 1’eau natu-
relle utilisée comme eau potable non
traitée, sur 1la vie aquatique en eau

~douce, sur l’utilisation de 1’eau pour

l’agriculture, sur la. qualité de. l’eau
pour les loisirs et 1’esthétique, ainsi
que  sur les approvisionnements en eau
pour 1l’industrie. Ces renseignements
sont résumés dans cette publication. A
partir de - cette étude, des
recommandations sur la qualité de 1l’eau .
sont adoptées pour la protection d/utili-

sations particuliéres de l’eau. ' -




_ Canadian Water Quality Guidelines for Picloram

D.M. Trotter, R.A. Kent, and M.P. Wong

SOURCES, OCCURRENCE, AND CHARACTERISTICS

Uses and Product1on

T P1c10ram,_ the common name. for 4-
amino-3, 5,6- trichloropyridine-Z carboxy—

'lic ac1d (IUPAC), is a white powder with

a chlorine-like odour. The structural
formula for picloram is shown 1in
Figure 1. Its Chemical Abstracts Serv-

Ccl | COOH
ClI\':[Cl -
NH, .

Figure 1. Structural formula for picloram.

ice (CAS) Reglstry Number is 1918-02-1.

The amine . and potassium salts of pi-
cloram are soluble in water and con-
stitute. the . active
several herbicides marketed by the Dow

‘nChemical Company under - the trade name

TordonR. = At present, three Tordon
produets: afe ‘registered for use in
Canada:

picloram
as . isooctyl esters or as potassium salt

-in liquid form. It also contains -glycol

and sorbitol ester-type wetting agents

'along vith alcohol and water. The. ‘potas-

sium salt. of picloram (2. 3%) is also
combined with 13.6% boron in Tordon®

" beads. . Picloram organic salts (triiso-
propanolamine and triethylam1ne) and the
"isooctyl ester ‘are also used. in combina-
~tion with other herbicides. TordonR101
is a mixture of 10.2% picloram and 39.6%
2,4-D 'both as triisopropylamine salts.

This mixture also contains a glycol

12 gLt
" granular formulations of picloram have o
- been - discontinued for use in Canada

nation of ground water.’

~ ingredients of -

TordonRZZK - Tordon®101, and
‘Tordon®202C (Agr1culture Canada 1989) '

_Tordon®22K contains 240 g-L-? ‘donR22K.

derivative sequestrant and glycol wet—
ting agent along with alcohol and water.
Tordon®202C contains 200 g-L-! 2,4-D and
picloram. All 5011—appliedd

because . of concerns regardlng .contami-
This includes
Tordon®10K, a pellet formulation con-
taining 11.6% picloram. An additional
picloram product from the Dow Chemical.
Company, - Tordon®155 (15.1% picloram and

63.4% 2,4,5-T), is no longer in use

since the sale of 2,4,5-T has been
discontinued in- Canada.

Formulated in. 1963, picloram is used
in Canada as a wide spectrum herbicide
for the control of woody and herbaceous
broad-leaved plants along rights-of-way.
It is also used with spot treatments for
the control of "noxious weeds" in pas-
ture and rangeland. Before the cancel-
lation of Tordon®10K, application -rates
of picloram ranged from 0.1 to. 3.3
kg-ai-ha-1 for rights—of-way,(a1 = ac-
tive' ingredient). The present maximum-
dosage rate is - 2.64 kgeha-! as Tor-
- Application rates for spot
treatments vary according to the density
of the brush or weeds to be controlled
(NRCC 1974).

In Ontarlo, Tordon“lOl is reglstered' ‘

for weed and brush control in noncrop
locations, = industrial sites,  and
rights-of-way. It cannot be applied: to

‘land used for the production of agri-
cultural or horticultural crops, and a .

permit is required for its purchase and
use (Ontario Ministry of Agriculture and
Food 1989) Most‘ broadleaf weeds - are




sens1tive to picloram, 1nc1uding Canada
thistle, clover, ragweed,
goldenrod, burdock, fleabane, and vetch.
Most deciduous and coniferous woody
plants (except vwhite ash) are also
sensitive
of Agriculture and Food 1989).
Imports - of picloram-formulated
herbicides
1983, 1984, and 1985 were approximately
384, 749, and 670 metric tonnes, re-
spect1vely (Stat1stics Canada 1986)

Physical and Chem1ca1 Propert1es

The physical ‘and
_teristics of picloram are presented in
Table 1.
carboxylic acid, has an'aqueousnsolubil—
ity - of only 430 mg-L-! at 25°C, its
potass1um salt has a solubility of ‘about
400 000 ~mg-L-', and the triisopropyl-
. aiine salt has a solubility of about
800 000 mg L'1 (Mayes and Dill 1984)

| 'Mode bfAction

Picloram ' acts as
plant hormone (Foy 1976). It is highly
phytotoxic and is easily absorbed and
translocated by the leaves and roots of
plants (U.S. - EPA 1988, Worthing and
Valker 1987). Its main mode of action
- in plants is as a grovwth regulator. The
symptoms of picloram poisoning include

. epinasty, plugging and ‘browning of xylem

vessels, w11t1ng, necrosis, and plant
death (Foy 1976). Vilting is apparently
due to- complex 1nteractions of pathogen-
. produced hormones, ° toxins, and - toxic
enzymes. -Picloram has other effects
including inhibition of germination and
seedling growth, and, possibly,. reduc-
tion of respiration in mitochondria.
Inhlbition of oxidative respiration in
isolated cucumber mitochondria - and of

nucleic acid metabolism has been report-

ed as the result of picloram treatment,
and the herbicide may also "decrease

enzyme synthe51s and uncouple oxidative

phosphorylation (Foy 1976 NRCC 1974)

dandelion,.

to picloram (Ontario Ministry

into Canada for the years | MelhodsofAnaIys:s

chemlcal charac- “analysis for

Although picloram, as the

an auxin type of

The inhibitory action of picloram may be
the result of chelation within the plant
tissue.
plant- respiratory enzyme systems, with
carriers such as the cytochrome systems,

~ vhich contain heavy metals, or vith free

metal ions. in

the mitochondria (Foy
1976). - '

(

Analys1s ~of. plcloram is by gas- liq-

uid chromatography or by high-perfor- -
" mance liquid chromatography (Worthing

and Walker 1987).
summarized

The NRCC (1974)
earlier methods for the

picloram.  Gas chromato-
graphic techniques have been used for
the analysis of picloram in §0il and
grass (Bovey et al. 1975). More recent-
ly, Vells et 'al. ‘(1984)‘used-reverse-
phase liquid chromatography with UV

detection for picloram in soil and vater

samples. The ~detection limit was
2 ug'L-1. PFor the analysis of picloram
residues in surface <and ground water,
and in soil, sand, and vegetation, a gas
chromatograph with an electron capture
detector was used (Watson et al. 1989).

In this . latter.
detection limits were 0.5 pg-L-! for
wvater, 5 to 6 ug-kg-! for soil and sand,
and 10 ug-kg-! for vegetation. Woodburn
et al. (1989) wused several chromato-
graphic and mass spectrometry methods

for the analysis of picloram and its

photolytic =~ decay products “in- .wvater

samples.,
Entry into the Environment

The Natiqnal Research Council of
Canada summarized the routes and mecha-

‘nisms by which picloram can enter vari-

ous components of the environment (NRCC
1974). Picloram can enter the atmos-
phere through‘spray drift: during appli-
cation and -as a result of vaporization
after application. " It may enter the
aquatic ~environment as a result of
direct - application to surface vaters or
through surface runoff and leachlng from
treated soils.

Chelation might interfere with.

investigation, minimum




' Table 1. Physical and Chemical Characteristics of Picloram

: .Chéﬁical formula:
.:Moleculaf weight:
Bhysicél state:
Mgiting»pbint:
 SuB1imafion-teﬁperaturé:.

Vapour pressure:

_Aqueoué3solubility:

- Solubility in other solvents:

Acetone

~ Ethanol
Isopropanol
‘Acetonitrile.

- Diethyl ether .
Methylerie chloride
Benzene

- Carbon disulphide

'-Kerdsene

Dlssoc1at10n constant (pKa)
Half life in s01ls.
-vadrolys1s half—llfe:
Photolysis half-life:

Elémental analysis:

C4H,C1,N,0,

241.48

White powder with chlorine-like 6dbﬁr
Decomposes at 215°C |

19o°c‘at'12-mm H

6.16 x 1017 mm Hg at 35°C

1. 07 x 10-¢. mm Hg at 45°C

430 mg-L-! (25°C) as carboxyllc acid
400 000 mg:L-1 (25°C) as potassium salt
800 000 mg-L-? (7) as amine salt

19 800 mg-L-1

10° 500 mg-L-1

5 500 mgeL-t

1 600 mg-L-! ,

1 200 mg-L-1 -
600 mg-L-1 '
200 mg-L-1

50 mg+L-1-
10 mg-L-1

3.6
1 to 13 months

18 years (pH 5,7, & 9, 25°C)
74 | | |

C, 29.85%; H, 1.25% o
Cl 44.05%; N, 11.60%; 0, 13.25%

“

, .From NRCC 1974; Foy 1976, Ghassemi et al. 1981; Wlndholz et al. 1983
‘ Worthlng ‘and Walker 1987; Mayes and Dill 1984;- Mulllson 1985.




Information on the occurrence of
picloram 4n surface waters and sediments
can be found in studies of picloram
‘runoff from treated fields and in spe-
cial monitoring studies 1nit1ated to
investigate = the movement of picloram to
adjacent . aquatic environments., A sum-
- mary of studies concerning p1cloram in
runoff ‘water from- treated areas is pre=
sented in Appendix A. - The solubility of
picloram and its various salt formula-

tions allovs potentially high concentra-

tions in runoff water if heavy rainfall

occurs shortly after application. If:
light rainfall occurs ‘after application

(allowing -~ the picloram to percolate

* downward) and several days elapse before -
heavy rainfall (e. gy 30 days), the pi--

cloram concentration in runoff water can
'be  reduced by - two orders of magnitude
(Bovey et al. 1967). Concentrations of
- picloram in runoff water can be rela-
tively high (3 mg-L-!) under certain
_weather conditions.

picloram can move from ‘the application
site (Trichell et al..
al. 1984)_ '

_Sloﬁev and soil compaction also
 influence’ the amount of picloram in
runoff. - Higher ,concentrations of pi-

c¢loram in runoff water are generally

associated with steeper slopes and occur
in. the lower half of the slope. There

are lower concentrations of picloram in

runoff water if the runoff flows'over
‘untreated, compacted

“al. 1971).

Another way in. which picloram can.
" enter the enviromnment is through. spray
Several " in--

drift .during. application,
cidents. of damage to nontarget. plants as

a result of -picloram spray drift- have .

been reported. For instance, . the NRCC
(1974) - reported an incident in which

trees S50 m from a treated area were

killed by spray drift after picloram
application. Ghassemi ‘et -al.
also mentioned reports from Minnesota in

which drift of picloram from road51de3_.

It has been esti- "
 mated: that 5.5% to. 6.3% of the applied  second = watershed.

-picloram
1968; Mayeux et

(fallow) - soil
i (Trichell et al 1968; Scifres, Hahn et'

(1981)

spraying 'caused injury to nearby corn
and soybean fields. ' :

Concentrations in Vater, Sediment, . and_

‘Biota

Several studies outlining the pi- .
cloram concentrations that have been
found -in various’envirOnmental'compart—‘
ments are summarized in Appendix: B. . The
behaviour’ of picloram in two east-cen-. .
tral Texas watersheds. was monitored_
after single applications of picloram at
0.56 kg-ha=! (Scifres et al. 1977).
Picloram was found in the surface'waters
of one catchment at 170-460 nug-L-! 27 d
posttreatment. = Surface  waters ' of the
second catchment contained 80-490 ug:L-!

- picloram after the -same time period

After 52 d, only trace amounts (<10
ug-L-1) *of.picloram vere found in the
surface’ waters of the firstfwatershed.
An average of 77 ug: L-1 picloram was
detected in the surface waters of the

monitoring data  from both
vatersheds,. it was determined that only
0.05% of the picloram originally applied

was detected in runoff vater during the. S

first month of the study.  Most of the
applied - picloram remained in the 1live.
vegetation and top 15 cm of soil

(ScifreS-et;al.v1977).

Dennis et al. (1977) studied runoff
from' -spot-treated (4.5 kg ha-!) land in

Vest Virginia. Runoff resulted in ‘pond

wvater picloram concentrations as high as

437 pg-L? (detection limit  of - 0.2
ug-L-1). The concentration dec11ned to
approximately 54 ug-L"! after 178 d;

after 294 d, a mean concentration of

14,2 pg-L-t remained in © the pond.
Picloram  was - detectable ‘in pond
sediments for more than 270 d, but vas
not .detected (detectlon “ limit . of
5.0 pg: L'1) in bottom sediments

collected from streams. - The picloram.
concentration in wet sediment 2 weeks
after application was 243.0 ug-kg-!.

This concentration had been reduced to
15.5 nug-kg-! 294 d later. Picloram vas

-detected ' in vater samples collected up

Using the results of o



- '10.4 kg+ha-!

- trations

" recorded

- Lake  (¢ollected on
'contained detectable levels of picloram

to 5.5 km downstream from the treated

sites.. . Additional information on
picloram . in  runoff water, but with
insufficient supplementary data for

"presentation in Appendix A, includes
reports of a concentration of 370 ug-L-1
at 10 d after soil application of

-(Davis et al. 1968) " and
<100 wug-L-! at 100 d .after application

of 1.9 kg-ha-! (Johnsen and Warskow

1968) Both studies were conducted in
Arizona watersheds._

Information on the use of p1cloram

- pellets ~ and liquid sprays does not
‘indicate differences in the amount of
picloram in runoff water from these

different formulations. The incorpo-

ration . of picloram into starch xanthate
_granules did, - however, eliminate the

1n1t1a1 large concentration of picloram

-in " the first runoff ‘water compared to
'the liquid spray application. ~ Concen-
of picloram in . subsequent
runoff events tended to be - higher from

the . ‘area 'treated with the =xanthate -

granules than .areas. treated with the
liquid - spray.
 picloram' from both treatments tends to
be»similar (NRCC 1974).

A spec1a1 monitoring program. was
-conducted at ~the Jimmy Lake Weaponis
Range -, (western Saskatchewan) because of
large- scale use of picloram at the site.
During . 12-14 August 1982, a 490-ha area
‘was  treated with TordonRIOK pellets
‘ (3 3 kg picloram-ha-1). Picloram was
 observed  to move into the ground water
and travel laterally ‘toward Primrose

Lake, 1 km' outside the treated area.

- Concentrations increased in the ' ground
vater
ug-L-! in October 1983 to 438.5 ug* L-1

-in  October  1984. Surface-vater
concentrations of picloram in Primrose

- Lake increased to a maximum of 1.15 ,
- ugeL=! in October 1984 at  a location .

adjacent to the site with the highest
. ground-vater  concentration.
~ Only - one sediment sample from Primrose

20 June 1984)

Cumulative - loss .of "

near Primrose  Lake from 0.14 .  Vilson and Van (1975).

(11.97 ug-kg-!) (Waite et al. 1986;'

Smith et al. 1988).

, ‘Direct injection of picloram into a
small semiarid stream in central Arizona
demonstrated ~dissipation ‘through the
normal mixing of ‘the stream water . in its
channel. Picloram inJected ‘at 6.26

-mg+L-! was detected at a maximum con=

centration of 2.36 mg:L-! 0.4  km down-
stream (Johnsen and Warskow 1980).

The extent and durat1on‘of ‘stream
vater contamination by picloram and the
loss of the herbicide from a sloped,

- gravelly loam sand vatershed in central

Arizona were studied by Davis-and Ingebo
(1973).  Picloram pellets vere applied
on 1 Pebruary 1965 at an average rate of"
10.42 kg-ha-1. After the application, a

rainstorm on 6 and 7 February resulted ,
~in. . a picloram concentration of 370

. - ug-L"! in the. first water; sample -col-

'lected on 8 February

" The. concentration
of picloram gradually declined to
31 pg-L-! 18 d later. From 15 April to
3 September, picloram concentrations in
the runoff water ranged from nondetec-
table levels to 8 Hg* L-1. There was no

‘picloram detected in .a water - sample

taken on 25 March 1966, 15 months after
the initial treatment. From the stream
monitoring -data, the authors estimated
that 3.5% of the applied picloram was
lost from the watershed to the stredm

vater.

F1eld ‘studies of potential p1cloram"

contamination of streams crossing elec- -

tric  transmission line rights-of-way
(ROW) in British Columbia during aerial
herbicide applications veré reported by
The establish-
ment of 45-m buffer zones on both sides
of a.creek crossing the ROV prevented
detectable . concentrations. - (detection
units not given) of -picloram from occur-
ring in the creek. In this particular

study, the triisopropylamine salt of

picloram was Sprayed from a hellcopter _
at an altitude of 23-38 m, travelling at -
a speed of 48 :km-h-?, The applicationp"‘
rate was 2.1 kg-ha-!, ‘




- Picloram was found in surface and
subsurface waters in and adjacent to
(i.e., within 100 m) transmission line
ROV ‘in Quebec after aerial and ground
applications (Varfalvy and Seguin 1987).
Samples - of water collected during the
tfeatment season had average picloram
concentrations ranging from 5.6 to 181
ug-L-t... The  highest concentration

reported (1160 wug-L~1)  occurred in a

pool located . inside ‘the ROW boundary .

during the first week after -aerial
spraying of Tordon®10K. A concentration
of 190 pg-L-! was reported in a stream
30 m outside the treatment area. A lake
12 m-outside the ROW boundary was report
ed to have concentrations of 3.7 wg-L~!
and 7.6 pg-L-! .at 4 wk and 8 wk, respec-
‘tively, after a 'terrestrial foliage

. spray . treatment with Tordon®10l. A

maximum picloram - concentration of
104 pg-L-! in ground vwater immediately
‘adjacent to the treated ROV was reported
8 wk after treatment. This was not con-
sidered unusual ‘given the high water
table and- the sandy soil. of the region
(Varfalvy and Seguin 1987). Two other
incidents of ground-water contamination
~ (én- the -order of 1-10 pg-L-1) after

picloram application in Quebec have been
- reported (Villeneuve et al. 1985).

“Ground spraying with 1.12 kgrha™!
picloram ' of vegetation along roadsides
in a granitic upper mountain Montana
vatershed did not result in detectable
residues (i.e., >0.5: pg-L-1)  in an
adjacent creek (average  distance from
road 33.5 m) (Vatson et al. 1989).

The National Water Quality Data Base
(NAQUADAT) detailed report (Environment
Canada 1983) 1lists picloram -among a
group of pesticides'mOnitored'in'ZS'se—
lected surface-water sites. in western
Canada. Picloram vas: reported to be
present at 0.1 ug-L™? in. March 1985 in
the South Saskatchewan River south of
Empress, " Alberta: Although the period
examined was from April 1974 to January
1987, a change-in the analytical method
for picloram between ~February and & May
1985 reduced the detection limit from
0.2. to 0.05 ug:L-!. Thus, picloram may

have occurred in the river - vater prior
to Harqh 1985. :

- Reports of the presence of picloram
in Canadian surface and ground wvater are
summarized in' Appendix B. . In addition
to these studies, picloram was found in’
a single Kansas -farmstead well out of
103 sampled ‘by Steichen et al. (1988).
The well contaminated with picloram had

a concentration of 5.6 ug-L! in the

initial sample and 3.3 ug-L-! when the

well was resampled 6 months later (de-

tection limit of 0.40 wg-L~!). Of 188
wells and 3 rivers sampled in ten North

Dakota .-countries, 6 wells and 2 rivers

in five counties were found to contain
picloram. :
<0.1 to 12.8 wug-L-! (wells) 'and from
<0.1 to 6 pg-L~! (rivers). All areas of
contamination .were associated with land
treated for -control  of leafy - spurge, .
Euphorbia . esula. Picloram -had been

spilled or misapplied near all but one -

of the contaminated wells, and the
highest concentration of picloram in
well -~ water ' (12.8  wug-L"l) . wvas

: appa;entlythe result ‘of a spill that

occurred during the filling of spray
equipment 2 years earlier (Lym  and
Messersmith 1988).» S oo

Ten fish sampled in- 1983 and 1984

from . Primrose -Lake in Saskatchewan did - -

not contain‘ detectable ' concentrations
(detection limit 5 ug-kg-!) of picloram
in the dorsal muscle tissue of walleye,
Stizostedion vitreum (1983), or white-
fish, Coreogonus - clupeaformis (1984)
(Vaite et al. 1986). ' '

Environmental = Fate, Persistence, and
Degradation ‘ o

Soil

Picloram-formulated _herbicides may
be applied by ground " or aerial appli--
cation equipment. Foliage ' sprays are
usually applied during -active growving
periods. Sprays may also be “applied to
the bark of .trees. Granular - formula-
tions may be applied over the roots of
plants to be controlled during the

Concentrations ranged from

R
!
:
A

-



normal growving season and when rainfall
can - be expected soon after treatment
(Thomson 1979)

P1cloram is rapidly absorbed by
plant roots and to a lesser extent by
the follage.- Unabsorbed picloram may--
move downvard or laterally through the
soil- because of its solubility and low
adsorption on some soils. The major
factor controlling the extent of adsorp-
“tion is
~_Grover (1977) found an inverse  rela-
tionship between adsorption and mobility
in five Canadian prairie soils. Adsorp-
tion = was significantly ‘related to the
soil organic matter content.

. Picloram leaches ‘to the~ greatest

extent in sandy, Iight—textured soils
vith - low -organic matter. Little pi-
" cloram moved below 45 cm 9 months after

silty clay and silt  loam soil in  Ohio
(Herr ~et al. 1966). In a- sandy silt
loam, the herb1c1de moved through the
top 60 cm of soil, and the greatest
residue concentrations were found in the
deeper soil layers after 9 months. The
“herbicide ' persisted longer in- the
heavier=textured soils with the highest
organ1c matter content. Similarly, tiore
downward movement of picloram was obser-

ved - in sandy loam soil (organic matter .

content 1.8%) than in silty clay loam
soils (average organic matter content
about 4%) in Nebraska (Scifres, Hahn, et
al 1969) ’

" In any soil, the adsorption and
mobility of picloram is influenced by
average pore-vater velocity, bulk den-
. sity, and soil aggregate size (Davidson
and - Chang 1972) Besides adsorption,
the resistance to leaching of picloram
in. some §oils may be the
tention of -the herbicide in soil micro-
.pores (Rao et -al. . 1974), or diffusion
- from conducting pores in the soil to
adjacent micropores (Ping et al. 1975).

The formulation of picloram may also
The potassium salt
the triisopropano-

~affect its movement.
is more mobile than

.that the

soil organic matter content. .

result of re-

lamine salt in soil columns (Ghassemi et
al. 1981). sirons et al. (1977) found
triisopropanolamine  salt vas
highly mobile vertically. The rate of

- picloram application and rainfall amount

also has a significant impact on piclo-
ram movement even in soils in which it

- is strongly adsorbed (Grover 1967; Keys

and Friesen 1968; Scifres et al. 1971;
Hunter and Stobbe 1972) . -

The persistence and movement of

picloram in clay soils and vegetation,
and. its occurrence in. subsurface vater
after application to a vatershed and to.

“the 50il surface above a lysimeter in

Texas ' was monitored by Bovey et al.
(1975)..
2.24 kg ha=! of. a 1:1 mixture of the
triethylamine salts of 2,4,5-T and pi-
¢loram were  initiated on 4 May 1970,

4 - followed: by a single application of
application of-up to 4.48 kg-ha~! to a °

1.12 kgrha=! of the same mixture.

- Subsurface water flow was about 1.5-3 m

below . the soil surface. The maximum
concentration ‘of picloram -in the -=soil
vas 162 ug:kg=! -in the 0-15 cm soil

layer on the "last day of application
(8 October 1971) of ‘the 2. 24-kg-ha-1.
treatment. - (The 1low concentration in

the soil was attributed to spray inter-
ception - by the heavy grass cover.)

"After 191 d, this concentration had been

reduced to below detection limits (de-
tection limits not given). In the grass
groving on the study area; the maximum
concentration .of picloram measured was
70265 wug-kg-! after the 8 October 1971
application, but, again, this concentra-
tion was reduiced to below detection
limits after 191 d. Thus there was no
apparent tendency for picloram to accu-
mulate in the  soil or vegetation even
after repeated applications. ~Subsurface
vater samples usually contained no de¢-
tectable picloram even after the water-
shed had received five applications ¢f .
the relatively high treatment rate;
trace amounts (<0.1 pg- L-1) of piclor:m
vere detected in only a fev samples-frua
observation wells - in treated and w -

treated areas of the -vatershed. A
maximum or 4 ug-L=! picloram was found
in the water collected by the 1ys1meter.

Four biannual applications of»fV"‘



The authors noted that the low levels of

_p1cloram in the soil profile, especially

the - lover soil horizons,

the low amount of herbicide available

for -leaching to the subsoil and con-
tamination of the subsurface water.

Soils w1th high organic matter con-
tent may adsorb and retain considerable
quantities of picloram, which can: injure
crops years after application. . Adsorp-
tion generally increases with. decrea31ng
pH ‘and is much lower in neutral and
alkaline soils. Clay soils exhibit very
strong adsorption of picloram because of

the- presence of aluminum-and iron oxides..
(Norris 1970; Grover 1971; Biggar. and"

Cheung: 1973; . Davis and Ingebo 1973;
Farmer and Aochi 1974). Adsorption and

binding of picloram to organic matter.

forming - unextractable residues - also
appear - to increase with time (Evans -and
Norris: '1986). In spite of this, pi-
cloram usually does not persist or accu-
mulate in ‘the soil even. after repeated

applicatlons. P1cloram applied at rates

of ‘up to 350 g* *ha-!- in alternate years

for 7 years did not accumulate in. the -

top .50 cm of soil (Sirons et al. 1977);
36 months after spraying, picloram was
not detected. After a -single applica—
tion of approx1mately 17.4-20.8 kg-ha-!

to ,clumps .of bushes in Arizona, Davis

and - Ingebo (1973) found 1.0 pg-kg?

~picloram in the top 15 cm of soil
6.6 years after treatment. After appli-
cation of 0:28 kg-ha~! p1cloram to
‘ryegrass on a sandy loam soil-in the
United Klngdom, the herbicide dissipated

- with- a half-life in the soil of less

than 2 wk (Fryer et al. 1979). An ap-
plication of 1.68 kg-ha™?! dissipated
vith a half-life of slightly longer than
2 wk. The latter authors reported ‘that
approximately 1 year after each picloram
application between 2% and 6% —of the
picloram applied was recoverable. Fur-
ther, no accumulation took place; how-
ever, after an initial rapid dissipa-
tion, there was only-a slow disappear-

ance of the remaining residue. In.a.

- montmorillonitic clay soil, picloram

applications of 23.3-1890 g- ha‘1 had not

moved - below the surface 30 cm of ~soil

indicated

- degradation in

- rate constants | for

28.4 months -after application in
Australia (Marley 1980). With the lower
application rates of 23.3 and 70 g-ha-t,

~ less . than 10%¥ of  the applied piclorami

vas present in the soil 7.4 months after

appl1cation.

Microbial degradation is the prin-
ciple method by which picloram is broken
down in the soil :(Mullison 1985). Chem—
jcal routes of degradation in soils seem
relatively insignificant (Ghassemi et
al. 1981). Although microbial degra-
dation increases with favourable condi-

‘tions = for microbial growth, the overall.

amount of picloram decomposed to CO, is
relatively small.. This suggests that’

'microbial degradation does not . involve -

cleavage of -the pyridine ring. Picloram

source for microbes, and any microbial
degradation results- from the co-meta- -
bolic - activity . with other microbial
carbon substrates (Grover 1967 Youngson

" is apparently not used as a sole carbon

" et al. 1967; Naik et al. 1972 Foy
1976).. The degradation of . p1cloram in

soil. .is dinversely - related to .the
picloram ' concentration; as  picloram
concentrations - increase, degradation :
decreases (Mullison 1985; . Herr et al.:

1966). As biological degradation can be o

the major route of dissipation in soil,
degradation = rates increase ~in.  warm, .
moist - soils high in organic matter,
vhich have enhanced microbial activity,
vhile in cool and: dry soils, picloram
will .have a longer persistence  (U.S.

Department of Agriculture 1984; -Davis
and Ingebo 1973; Hamaker et al 1967)

Degradation i rate kinetics for.

_picloram  in soil have been reported to

be one-half to first order under prac-
tical application rates (i.e., O0.1-
3.3 kgrha-') (Davis -and Ingebo 1973).

Calculated half-order rates for picloram
18 U.S. -states and
2 Canadian provinces ranged from 2.9 to
7.4 g-ha~! per month and were correlated
wvith temperature (NRCC -1974). Half-order
Alberta and
saskatchewan were 5.3 and 2.9 g-ha"! per
month, respectively (NRCC 1974; Hamaker
~Other degradation rates

et al. 1967).




vere reported to be 4% in 15d by
plant=root microorganisms (Meikle et al.
1966), - and 0.24% to 1.21% over 63 d by
different types of bacteria and fungi
- exposed: to .1 mg-L-! (Youngson et al.

1967).. o ‘ :

In grass, Getzendaner et al. (1969)

found . that the picloram residue level

‘decreases. very rapidly. An initial
application of 1.12 kg-ha-! resulted in

residues on the grass of-approximately

200 ‘mg-kg-1 at the time of application.

‘The average residue level in the grass .

vas 150 mg-kg-! at the same time, which
decreased "to 50 mg-kg-! in 2 wk. After
1 year, the grass contained = little
~ detectable - residue
12 mg-kg*'). 1In a similar investigation
~(Scifres, -Hahn, and Merkle 1971), about

“25 mg-kg~!  of picloram vas detectéd on

- grass . immediately after application --of

'0.28 kg-ha~! in Texas. The picloram

-rapidly dissipated, and usually less
‘than 1 'mg-kg-! was detected in grass
‘tissue 30-60 d after treatment.  The
-~ level  of picloram residue in grass
- tissue was reduced by 99% 72 d after the
application. . In this study, detectable

~.picloram had also been reduced 93% in

~herbaceous; broadleaf species 30 d after
application. . TR Ahe

. Photodecomposition, apparently by
- pyridine ring cleavage, is a significant
pathway -for picloram degradation on
plant ~or soil surfaces.

‘exposure. to UV light (253.7 nm) under
‘laboratory conditions - (Hall .et - al.
- 1968).
spectrum . .of natural sunlight is approx-
imately 290-750 nm, the environmental

relevance of this data is questionable.

- In other studies, the isooctyl ester of
" picloram was degraded more rapidly (96%
- decomposition) than the potassium salt

(26% "decomposition) after 72-h exposure

to .UV light (300-380 nm) 'in open petri

. dishes containing wet.and dry soil under -
‘laborato:y‘--cqnditions (Bovey et al. -

A

.graded

(maximum- . of.

. , Approximately
'20% -of a 4.8-g-L-! solution of picloram, .
as- the acid, was decomposed after 48-h

However, - since the emission

1970). The sodium salt of picloram in

>'aqueOUS'_801ution (502 mg-L-1) exhibited

30.7% and 60.5% photolytic decomposition
after 25 and 34 h, respectively, when.
irradiated in cylindrical quartz . cells
by UV light (300-380 nm) at 30°C (Mosier

‘and Guenzi 1973).. However, photodecom--

position of picloram is slower and more
variable in natural sunlight ‘than under
UV irradiation in the laboratory (Bovey
et al. 1970; Norris and Morre 1970;
Bovey and Scifres 1971; Mosier .and
Guenzi 1973). VWhen 'spread on a .glass
surface, 60X of the picloram was de- .
by short-wavelength UV 1light’
(155 wV-em=2) within 48 h, but only 35%
vas degraded in the same time by natural

- sunlight (Merkle et al. 1967). One-week

exposure of picloram on a glass surface -
produced 90% degradation by the same UV
light (vavelength.not.given), but only
65% degradation by natural sunlight. A
44.7% - loss of picloranm, as TordonR22K,
sprayed at 0.28 kg-ha-! on .'0ld field

- vegetation was attributed to ‘photodeg-

radation during  the first week after
application (Watson et al;,1989).,>,-

Volatilization is not expected to be

a major mechanism' of loss .of:picloram
from soil due to the low4vapou: préssure

of picloram- and its various “formula-
tions. This is also. indicated by labo-
ratory studies vhere <5% of the applied
picloram (as the potassium salt) was
lost from open:petri dishes maintained
at 55°C-60°C over 1 wk (NRCC 1974).

~ Anaerobic nonbiological . chemical deg-

radation' of picloram does not appear to
occur (Hance 1967, 1969). :

The general structure of picloram, a

- pyridine-2-carboxylic ‘acid, is known to

function as a chelating agent for metal

~dons. Strong interactions occur with .

Fe(II) and Ni(II) under conditions simi-
lar ‘to those in soils or -aquifers. This
prompted Michaud and Hoggard (1988) to.
speculate that picloram compléxation
with Fe(II) represented a possible re=
moval mechanism for picloram in ground
wvater. N g :




_ Water and Sediment

Picloram mobility in sediment has
not been  studied, but it has been
reported . to be not strongly adsorbed -to
dilute solutions of soil organic matter
and natural sediments (Muir 1990). Lab-
oratory studies indicate that photolysis
is ' the primary mechanism for
degradation in water (Hall et al. 1968;
Haas et al. .1971; Mosieér and Guenzi
1973; Ghassemi et al. 1981). Photolytlc
half-lives varying from 5 to 60 d are
reported for _picloram in 2.5-cm and
3.6-cm deep containers, respectively.
Circulating ~solutions as deep as 3.64 m
and containing up to 100 mg-L~! picloram
followed pseudo-first-order degradation
kinetics under natural sunlight (Hedlund
‘and Youngson 1972). In areas of
abundant :sunlight, p1cloram decomposed
rapidly = in distilled water. with a
half- life of 6-8 d. With the exception
of the highest picloram concentrations
(e.g., - 2500 mg:L-'), a 30-d exposure
yielded 90% picloram decomposition. The
rate of picloram photodecomposition in
vater is .proportional to the light
intensity  and depth of solution, but is
independent of -the -initial concentration
(Hedlund and Youngson 1972).

The photolysis of picloram 1nvolves
an ionic mechanism resulting in: ‘chloride
ion production. Photolysis rates in-
crease - with the ionic strength’ of the
solution. Free radicals of ‘oxygen also
~ contribute to the decomposition process.
‘These mechanisms, however, produce dif-
ferent. decomposition products with the
free radical process probably producing
oxidation products., The products of the
jonic - mechanism are not known (Mosier
and Guenzi 1973).

F1e1d experiments in semiarid cen-
tral Arizona showed photoly51s was re-
sponsible for the decomposition of 57%
of the picloram in glass jars during an

8.8-h exposure to natural . sunlight
(Johnsen and Warskow .1980).. A later
study investigated the effect of alti-
tude on picloram disappearance in sun-

picloram

10

© quartz
eight phosphor-coated mercury vapour arc

light (Johnsen and Martin 1983). Losses

of picloram in water exposed to sunlight.
ranged from 50% to 80% after exposure to

14 h of sunlight, and to 95% or more

. after 56 h  of sunlight in southern -
Arizona (altitudes = of  700-2800 m).
Finally, Woodburn et al. (1989) studied

the photolysis of ring—labelled picloram
at 25°C in sterile, buffered (pH 7)
water and in a water sample taken’ from a
forest ecosystem. Water samples con-
taining picloram were held in 750-mL
flasks and were. 1rradiated by

lamps (290-320 nm) for. 24 hours, an’
exposure = the authors claim to .be equiv-
alent to a  midsummer sunlight -day at

40°N latitude. The half-lives for these
conditions, calculated using first-order
kinetics, ' were. 2.7 d--for the sterile
wvater and 2.5 d for

molecular weight
cating that

organic acids, indi-

tion and. cleavage of the pyr1dine ring.

Hydrolysis of picloram in water is\'

negligible as- it was reported to be

stable in ground water at 10°C and 25°C.
‘(Weidner 1974) and -

for ‘up to 15. months -
in darkened controls maintained during
photolysis experiments.
cloram  is‘unlikely to volatilize ‘from
water at.neutral pH because it exists as
an- anioh  (Muir '1990).- . There was no

volatilization of picloram from stream .

water held in open beakers (Johnsen and
Warskow 1980)

RAIIONALB

Raw Vater for Drlnking Vater Supply
Guideline : _ o -

The interim maximum acceptable
concentration (IMAC)- ‘for picloram in
drinking water is 190 ug- L-1 (Health and
Velfare Canada 1987). This value is
based on a negligible daily intake of
0.02 mg-kg-!+d-! established by a 2-year
feeding  study with rats using increased

the natural wvater.
The ' two - major photoproducts wvere- low

in aqueous solutions pi-
cloram - undergoes photolytic dechlorina=

Similarly, pi-

1




mortality, organ weight changes,

andreduced activity .as effect criteria..

This IMAC is currently under review by
the Federal-Provincial Subcommittee on
Drinking Water of Health and Welfare
Canada (G. Wood, 1988, Health and
Velfare-Canada, pers. comm.)

Concéntrations

Canadian data on the concentrations
of - picloram in raw and treated drinking
"water can be found in Appendix B. :
~ cloram has not been found -in treated
' drinking ‘water. 1 or
Brunswick,  almost 50% (5 of 12) of the
ground-vater samples collected .were
contaminated (Franklin 1985). Between
1969 and 1978, Frank et  al. (1979) in-
vestigated 237 farm wells in Ontario
where herbicide contamination was known

or suspected. Picloram was found
6 wells in concentrations from 0.1 to
100 wg-L*l. The authors noted that the

herbicide - gained entry to
through spray drift, during storm run-
off, or through subterranean intrusion.
In a sand point well 5 m deep, about 1 L
of a 1% solution of picloram was back-
siphoned into the well. After 706 days,
picloram was still present in this well
(at 0.08 1g-L-!) even after decontamina-
tion efforts. Another well contaminated
with picloram was abandoned 3 years
after the initial contamination. The
authors concluded that picloram vas a
particularly persistent well contami-
nant. These wells, hovever, were con-
taminated ‘because of the misuse of the
herbicide around the wvells.

F

IhynovalbyVWmerThmmnnunChxyanons-

information was

r1No, found on the
treatment technqlogies‘xthat might be
capable of removing picloram from

contamlnated wvater (U.S. EPA 1987).

BKMRXNHHUEMOH

» The solubility,of picloram and its'

associated salts, as well as the other

Pi-

In one area of New

in .

the wells

. fish species exposed to TordonR22K. .

chemical properties of these compounds,
do not indicate significant uptake or
accumulation by lipid-containing tissues
of aquatic organisms. Available biocon-

centration factors for picloram in aqua-
tic ‘organisms are usually 1 or less
(Hardy 1966; Youngson and Meikle 1972).

These values indicate that, at equilib-

rium, picloram is .excreted from the
organism at the same rate of uptake
and/or picloram is not easily taken up-

through aquatic- ‘food chains (i.e.;, no

biomagnification) ~ (Lynn 1965; . Hardy
- 1966). ' :

Toxicity to Aquatic Organisms

Acute Lethal Toxicity

A summary of aquatic toxicity data
for picloram is presented in Appendices
C .and D. There are obvious differences
between the 24-h LCg;, data of Lynn
(1965) and Kenaga (1969) for the same
The
reason for the much larger 24-h LGy,
values reported by Lynn (1965) is due to-
the reporting of Kenaga’s (1969) data as
acid equivalents as opposed to the con-
centration of the formulation as report-
ed by Lynn (1965). The TordonR22K foi-
mulation used by Lynn (1965) represented

'only 21.5% dcid equivalents of picloram.

When this is taken into account; the
data of Lynn (1965) become similar to
that of Kenaga (1969) The. data of
Weimer et al. (1967) were not presented
as. these tests used the Tordonf101 mix-
ture of picloram and 2,4-D. These data
vere originally reported by Lynn (1965)-

A compilation -of previously pub-

lished and unpublished data ' (Mayes and

Oliver 1985) presented the toxicity of
the various formulated products of pi-
cloram on the basis of picloram acid

equivalents (ae). The - compiled data
indicate that. the isooctyl ester of
picloram is the most toxic formulation

- to rainbow trout,- Salmo galrdner (96=h
LG5 =
.F1nley 1980)

4.0 mg-L-1; data from Johnson and
For the goldfish, Caras-
sius ‘auratus, the toxicity of the car-

R boxylic acid and the- isooctyl ester were

1




similar - (14 32 jg-L-!  ae

- pg-L-lae -as
1‘(Kenaga 1969).

The: increased toxicity

of the p1cloram ester formulation ‘to- S..

gairdneri ‘may have been  due o the
' presence-” "of  a more’ toxic ‘impurity,

2-(3,4, 5, 6-tetrachloro- 2 pyridyl) guani-
dine, in'the formulation (Sargent et al.
1971). ~ Further information -regarding

and 10.4
96-h  LCeys, respectlvely)

the toxicity of this contaminant vas’ not. . -

found.-
 fish, Ictalurus punctatus, are generally
"the - fish species most . sen51t1ve ‘to. the

toxic.effects of picloram, regardless of

~ the formulation tested. An analysis of
~the 96-h LC;, data  presented by Mayer
and Ellers1eck (1986) shows the follow-
ing - 'mean 96-h LCg;, values -
‘specles' lake trout, Salvelinus namay-
'cush, 3.9 mg-L-'; cutthroat . trout, Salmo
clarki, 5.0 mg+L-!; and rainbow trout,
-S. galrdneri, 8.8 mg* L-!. The average
96-h LCso for the channel'catfish, I
punctatus, was 10 mg:L-!. By contrast,
- the mean 96-h LCg, for the blueg1ll;
Lepomis macrochlrus, was 23 3 mg- L‘

: There s much less information on
- ‘the acute toxicity. of picloram to in-
gvertebrates. Twentyffour-hour LCsoS
" range . from 20 -mg* 'L-1 for the amph1pod
Gammarus . pseudolimnaeus to' 140 ‘mg-L-!

for  the stonefly nymph,

Salmonlds and the  channel cat- .

for: salmonid :

‘Pteronarcys

.odology - (Turbak et. “als 1986)
-and:- development -

_Acute ,Zalgal, toxicity data are
scarce,l vith only one 24-h- EC:;4' of 115
mg-L-¥
based on 'oxygen evolution, which was
published as part of a: screening meth-

(assessed using cell
counts
of wvarious
marine algae (species not given), in-

were - not affected by doses of picloram'
of up to 240 mg-L-1 (Elder et al. 1970).
concluded * that
normal use ‘of p1cloram-conta1n1ng her=

-bicides did ‘not appear to-pose a hazard
from terrestrial

Elder . et al. (1970)

to ‘algal populations:
runoff. or indirect contam1nat10n..The
algal tox1city data provided by - Walsh

(1972) are not presented in Appendix C

because - the . tests used a m1xture of
p1cloram and 2,4-D. C e

Kratky and Varren (1971) teported a

(50% inhibition of Chlorella cell growth

in nutrient solution (actual inhibition
not given) after an 18- to 36-h exposure. .

to p1cloram _concentrations of 1 ot
10 mg-L-1.
method for -algal
bicides  demonstrated that 1000 mg-L-?

picloram did not inhibit the growth of

" Chlorella-seeded agar plates outside the

‘ californica (Mayer and Ellersieck 1986).
. Both values are for exposure to-the acid

form of. _picloram as >90% active ingre-

dient. - Forty-eight-hour LC,,s for ~ pi-
cloram ’(>907 ai) as the acid range from
50.7 to .76.0 mg-L-! for first instar
Daphnia ‘magna (Mayes - and Dill. 1984;
- Mayer -and Ellersieck - -1986).
‘limited. data are available, the amphi=
pod G. pseudolimnaeus, appears to be -the
‘most sensitive invertebrate; 96-h
exposures. gave an LGy,
‘picloram as the acid (Mayer ~and
Ellersieck 1986). The least

nymph, P. californica, with a 96-h LCqy
of 48 mg-L-T picloram as. the acid
(Johnson and Finley 1980). -The LCgos of
formulated products containing lower
percentages of picloram as the potassium
salt produce hlgher
values.

of 16.5 mg-L-1

sensitive
_invertebrate appears ‘to be the stonefly‘

median lethal

" diameter of the paper disc . containing -
‘the p1cloram (Thomas et al. 1973)

: using
‘Although -

12

effect
- Toxicity

. tox1cant

" cutthroat’

Chronlc Tox:c:ty and Sublethal React/ons

An 8 d flow-through
90-d-old = rainbow

produced
~and a .no- observed-adverse—
level (NOAEL) of 6.9 mg-L-?

‘tests using the embryo and
larval stages of the same - 'species over
approx1mately 70°d. produced an NOAEL of
0.55  mg-L-?
- concentration - (MATC) of
0.70-mg- LY (Mayes et al. 1987)

_trout,  S.

airdneri, .
14 mg-L*

Voodward (1979) simulated
fects .of picloram pulsed exposure on an
early 1life stage (3-d posthatch) of the
trout, S. clarki.
grade picloram (90% ai) was slowly me-

for Selenastrum capricornutum, -
Growth:

and changes in optical density),
species of freshwater ' and

- A'paper disc agar diffusion
sen51t1v1ty to her-,

tox1c1ty testv

a 192-h LC;, of

and a maximum - acceptable

the ef-

‘Technical



tered into continuous flow test tanks to
permit  the gradual increase of picloram
to a predetermined concentration at the
~end  of 48 h. Picloram input was then
stopped and the concentration allowed to
drop for 5 d prior to ‘the second input
of -picloram. The concentration in each
~ successive exposure was reduced by 50%

to - simulate the decreased presencé of

picloram in runoff water with time.

Five testing regiméns representing ini-
tial piéloram ‘concentrations of 7.90,
3.20, 1.60, 0.790, and 0.290 mg-L-! vere
used. - Each regimen vas tested against
the = same group of fish 4 times.  Al-
though picloram exposure was terminated

on  day 24, observations were continued.
until day 60 for latent effects on sur-

vival and growth. The lowest concentra-
tion in an" exposure regimen that ad-
versely affected ‘the test fish “was

.0.790-mg-L-1 - (first exposure), which =

was ‘lovered: to a fourth exposure  of

0.076 mg-L-1. " . Although fry survival in

_theé 0.790-mg-L-! regimen vas not signif-

icantly different from the controls (92%

versus 84%, respectively), fry growth to
60 d was significantly -retarded (26%
decrease - in weight). Differences among
. the alevins and fry and-controls in the
- 0 . 290_mgo -t
exist in terms of development, growth,
and. survival (Woodward 1979). This type
of toxicity assessment (i.e., .pulsed
exposure to - toxic¢ - substances) is
-promoted for the establishment of water

(1986a).

quality criteria by Holdway and ‘Dixon.

Invertebrate chronic toxicity ' data

consist of one MATC (14.6 mg-L-1) de-

-rived using Daphnia magna exposed to
- .picloram as the acid (93.8% ai) for 21 d
(Gerﬁigh:g; al. 1985).

.-ﬁ(5'A1é§1fchr0nic toxicity daﬁa,are rep-
resented - by 10- to 14-d exposures of
la to picloram as the acid and as

A - microplate - assay - system
- (Appendix D). This'system produced ECy,s
- 6f >160 mg-L*1 ‘(Baarschers et al. 1988).

_The:  decarboxylated picloram was more

toxic, with EC;os of 8 and 49 mg-L-1.

exposure regimen did not

fifﬁéj#decarngy1atgd derivative measured
odn a

‘was

. five 'species (numbers
- not given) to 10 mg-L-!

The .criterion used in these assays was
reduction. in cell numbers. An 'ECy, of
44.8 mg-L-! TordonR22K, based on - re-
ductions
a 2- to 3-wk exposure using“Selenastrum

- capricornutum (Turbak et al. 1986).

~ According to the NRCC (1974), the
only existing aquatic macrophyte study
performed by the Dow Chemical: Co.
This study included a 400-h exposure of

picloram under
greenhouse ' conditions (21°C-27°C). The

- only species that exhibited a negative

response  was a small shoreline herba- -
ceous plant, Lysimachia nummularia,

which incurred significant (SOX)Yinjupyy -

Details .on what constituted- injury and
hov it was measured were not provided.
No obvious damage to aquatic macrophyte.

. beds adjacent to .a surface-vater sam-

pling' site, where 1.15 ug:L-1. of pi-
cloram was detected, was reported in a
field study of picloram - off-target
contamination (Vaite et al. 1986).
Guideline

The vertebrate aquatic toxicity data

‘base for picloram consists of data for

17 fish species, including 240 acute
toxicity tests (i.e., exposures of 96 h
or less) and 6 chronic studies. Of the
240 acute toxicity tests, 144 or 60%

. vere -conducted using six North American
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- consists’ of 18 acute

freshwater salmonid species. The re-
mainder of the “acute tests used eight

North American’ warm-water species and
three ' freshvater tropical species com-
monly used in toxicity testing. Of the
six chronic studies, four were conducted
vith salmonid species and two with trop-
ical = species. One of the four salmonid
chronic studies used early life stages.:

A separate study, not included.in the
above categories, used" " intermittent ..
exposure ‘

7 'with early life stages over a
period of 192 h. B |

invértebrate toxicity data base.
‘ toxicity tests
representing six different species from
six different families. One 21-d“chron=
test was conducted with Daphinia magna. -

‘The

in cell biomass, resulted from

of each species



‘The aquatic plant toxicity data base

includes = three .common green - algae:
Selenastrum capricornutum - and = two
species of Chlorella. Tests conducted
wvith S. ‘capricornutum consisted of both

acute (24 h) and chronic exposures
(14-21 d). Tests using the Chlorella
species -~ were  chronic exposures
(10-14 d).

The toxicity data contained in this
review were of sufficient quality and
quantity to derive a Canadian water
quality guideline for the protection of
freshwater aquatic life from picloram.
_ Toxicity data reported for lake trout,
Salvellnus namaycush show that exposure
to 35 ug-L-1 technical grade picloram
from 10-d- prehatch to 60-d posthatch was
’capable of reducing' fry survival and
s1gn1f1cantly inhibiting fry .growth
(Woodward 1976) _Mayes et.al. (1987)
vere unable - “interpret these data
‘because of insufficient picloram teést
concentratlon measurements. Only the

‘highest concentratlon of the test series

appears . to have been measured. - Thus,
the - latter_ authors disregarded . the
35—ug L-1 . effect datum because of

1nsuff1c1ent analytical ‘'support.

The no- observed effect concentration
of 0.29 mg* 'L-1 (Woodward 1979) was
derived from early life stage (3-d
posthatch) exposure to pulsed or var-
iable concentrations of picloram. The
criteria for the no-observed effect vere
survival and growth. The next highest
concentration. used by Voodward (1979),
0.79 mg-L-1, produced significant growth
retardation. - Similarly, the lovest
concentration that produced an effect in
the Mayes et al. (1987) study was
0.88 mg-L-'. These two studies appear

to . be in close agreement as to the con-
centration causing adverse effects on
growth in. the early life stage of a
‘sensitive fish species. The no-observed
effect concentrations from these studies
are somewhat further apart  at
0.29 mg. L-1 - for the Woodward (1979)
study ‘and 0.550 mg:L=! for the Mayes et
al. (1987) study.
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- (1976)

. The value of -0.29 mg-L-! (290
ug:L-1) (Voodward 1979)
no-observed-effect
tific 1literature that
port. With the exception of Voodward’s
report of effects at 35 ug- L1,
the value of 290 ug-L-1-
reported .concentrations causing an ef-
fect in fish, invertebrates, and algae.
It is also less than the MATC of ‘14 600
ug-L-? based on chronic exposures with

Daphnia magna (Gersich et al. 1985) and
the MATC of 700 ug-L-? based on chronic

exposures of  rainbow trout, Salmo
airdneri, early life stages (Mayes et
al. 1987). ; ’

of equal importance is the fact that
the no-observed-effect
ug:L-! wvas determined using an' early
life stage exposed to pulsed or var1ab1e
concentratlons of ‘picloram. Early life
stages ‘(i.e., embryo-larva) are reported

to be the perlod of .- vertebrate aquatlc

life most sensitive to toxicant exposure.
Eulsed exposure -has

(Woltering 1984).
been shown to be ‘significantly. more
detrimental than continuous exposure for
another pesticide (methoxychlor)
(Holdwvay and ‘Dixon 1985, 1986b)

The available aquatlc tox1c1ty data
do not meet the requirements for a

Canadian water quality guideline (CCREM{
IX). ~Additional-

1987, Appendix -
invertebrate . toxicity " data, . in
particular, chronic tests with nonlethal

endpoints employlng sensitive planktonic

species, are necessary to support a full
guideline. ~ In ‘addition, the algal and
aquatlc vascular plant data base is also
in need of studies on

picloram. For this reason an interim

- guideline for: picloram was developed.

The derlvatlon of an 1nter1m guide-
line for freshwater aquatic 1life  is
based on the no-observed effect concen-
tration of 290 ug-L™! .- (Woodward 1979).
Additional supportlng data on pulsed
exposures - to early life stages of other
North American fish or invertebrates

is the lowest .
value in the scien-
‘had sufficient

quality control/quallty assurance Ssup-

is below alll .

value of 290

the effects of .




e . — . ... ek

- (1981) are presented. in Table 2.
- lian acute dietary LDg,s range from 2000.
‘to 8200 mg-kg-!

1965).

~Slight

Vére..ﬁOtafqund, In accordance with the
CCREM (1987) guideline development pro-
cedure,

guideline of 29 ug-L-* for an additional

' margin of safety

Agricultural Usag
Livestock Watering

Toxicity to Livestock and Related Biota

: Acute Tox1city

The ' available data show that pi-

cloram is not very toxic to birds and
mamhals.  Avian ,
ducted by the Dow. Chemical Co. and cited
by, NRCC (1974) and Ghassemi et al.

Mamma-

for rabbits and rats,

respectively.; This range also includes

mice (2000-4000 mg-kg-!) and guinea pigs

(3000 mg-kg™1).
‘acute adverse effects after ingesting up

‘Sheep did 'not show

the NOEL value of 290 ug-L-1 is’
' reduced. by an order of magnitude to a

toxicity studies con-

to 4650 mg:kg-! of the potassium salt of .

picloram (25% ai) in their feed (Lynn

Sublethgi and'Chronic Toxicity

Long—term
rats .of dietary concentrations - as-high
as 1000 mg-kg=!did- not result in ad-
verse - effects after 90 d. Dietary

,concentrations. of 3000 mg-kg-1’ ‘produced
increased liver weight in female rats.-
to moderate pathological changes -
er ' & tissues were
caused by a dietary level of 10 000

in rat 1liver and kidney

mg-kg'l.(HcCollister and.Leng‘1969).

Two-year studies with beagle dogs
and rats ingesting 150 mg-kg-!
produce morphological, pathological, or
physiological effects (McCollister  and
Leng 1969) Studies by Dow Chemical Co.
(1983). - showed : a no-observed-adverse—
effect level (NOAEL) of 7 mg<kg-!-.d-1

(body weight) for beagle dogs 1ngesting

did not .

ingestion of p1c10ram by .

15 .

_§velling
-female Fischer 344 rats administered
daily oral doses of 200 mg-kg-! body
- weight  for 1 year did - not exhibit sig-

- 20 mg+kg-1-d-!

et al.

" mammals

picloram for 6 months. The NOAEL is
based on increased 1liver weight An-
other NOAEL of 50 mg-kg!-d-! for CDF
Fischer 344 rats was based on liver
after 13 weeks. - Male and

nificant changes in body weight, . food
consumption, = clinical chemistry, or
- hematological  properties: The only

treatment effects generally manifested '

vere an increase in the liver-to-body

weight ratio and slight hypertrophy and
pallor of the centrilobular hepatocytes.
The NOAEL for the 1l-year study was
for both male and female
rats (Gorzinski et al. 1987).

Short-term NOAELs are 1 to 2 orders
of magnitude greater than the long—term
NOAELs. A NOAEL of 200 mg-kg-!-d-! was
based on the 'absénce of reduced food

" intake by beagle dogs ingesting picloram
- for 7-10 d (U.S. EPA 1987).

Dietary concentrations from 100 to
10-000 mg-kg-!, increased over a l-year
period, were fed to Japanese quail,
Coturnix -coturnix, without effect.
Calculated LDg,s for bobwhite quail,
Colinus v{ﬁginlanus, were 23 366 and

10 000 mg-kg=! feed for adults and 5- to

7= d old chicks;. respectively.

Uptake, Qgtapg;ism, and Elimination

Picloram is easily absorbed from the
gastrointestinal tract of mammals (Nolan
1980; Dow Chemical Co. 1983)..
Feeding studies demonstrate that almost
all of the ingested picloram is excreted
in  the urine (Redemann 1963, '1964;

‘Fisher et al. 1965 McCollister and Leng

1969). Accumulatlon of 1low levels of
picloram in animal tissues (i.e., 0.5
mgfkg‘l) occurs at dietary picloram
concentrations of 100-200 mg:kg-?
(Leasure and Getzander 1964). Picloram
is not metabolized s1gn1ficant1y by
(Redemann 1964; Nolan et al.

1980, Dow Chemlcal Co. 1983).




- Table 2. Picloram Toxicity_to Avian Species - Dietary Studies!

, Observations

- Acid?
- R equivalent
Species B - (mg-kg™!" feed)
- ‘Mallard ducklings ~ 500 - 10 000
. (Anas ‘platyrhynchos) - A :
T 385 200
Japaneses qua11 - 100 -
“(Coturnix coturn1x o
© japonica) -
~1000
100 - 10 000

(5- to 7-d-old chicks) = 1005 500; 1000

0% mortallty in 5 d feedlng;
. 8-d observatlon. :

" LCgy for 5-d feedlng, 8 4
“observatlon :

14~ d exposure, reproduct1on

" study. : No effect on plumage,

feathering, egg ‘production, -

‘fertility, hatchability,
-mortallty,_ r we1ght..

14— d exposure, reproductlon

study.. No effect .on egg ~

prodiction; body welght or
~adult mortality. . Egg

fert111ty reduced 55%, egg

‘hatchablllty reduced first -
“week, but not second week of P
treatment.. ‘Hatchability and -

fertlllty normal first: week
after treatment..

Dosage increased ovér a period -

of nearly one year. No in--

creased mortallty, no. decrease

in consumption or body welght,ﬂ»

no ‘impaired. reproductlve

'«effect compared to controls

Reproductive,_three generatlon'v' |
-study. Fo generation fed 20

weeks, F, generation: fed 12
veeks, F, generation fed 8

weeks. No statistically
-significant difference between

controls and treatments as-

.measured by food consumption,

- egg- productlon,_fertlllty, and
'hatchab111ty, survival and.
~'body” weight gain.” No adverse
~symptoms noted when medlcated
~d1ets were w1thdrawn

' 1From NRCC (1974)

V”A24-am1no -3,5,6- trichlorop1col1n1c acid used in a11 tests, except where noted.

_3Isoocty1 ester.




'f'Table42;' Continued

. 7 Acid?
S - equivalent o
Species, »(mg-kg'l feed) " Observations

" Bobwhite quail -

-

23 366 L¢,, for 5-d feedmg, 8 q
A (Collnus v1£g1n1anus) - ,observatlon.,
-Bobwhlte qua11 10 000 - LC50 for 5-d feedlng, 8 d
: irgi : observatlon. ‘
(5-'to 7- d”old ch1cks) _ , ‘ : ’
17 0753 LCs, for 5-d feeding, 8-d
= observation. = - -
T
~ A
)
‘,\,

-



Three dairy cows receiving dietary
levels of_lO, 30, and 100 mg-kg-! of
picloram in their feed did not have
detectable re51dues of picloram (<0.05
mg-L-1) in their milk after 13 d on the
diet. Dietary levels of 300 and 1000
mg-kg-! (the latter rate equ1valent to
- 18 mg-kg-1-d-!) resulted in mean milk
residues of approximately 0.05 and
0.19 mg-L-!, respectively, after the
same time period. The 0.19-mg-L-!
residue level decreased to below de-
tection 1limits 2-3 d after picloram
1ngestion ceased (Kutschinski .1969).
Beef cattle receiving. p1cloram levels of
200 and 1600 mg-kg-! feed for 3 d
exhibited picloram concentrations in the
blood of 0.18 and 1.18 mg-L-!, respec-

tively. Tissue residues were propor-
tional to dietary 1levels -with 0.32,
1.61, 18.0, and 0.45 mg-kg~! in muscle,

liver, kidney, end'peritoneal fat, re-
spectively, fr. the 1600-mg-kg-! feed
treatment level. These residues de-

creased rapidly 3 d after cessation of

ingestion (Kutschinski

R11ey 1969)

Mutagenicity, Teratogenicity, and
Caféiﬁogegigity ‘

The results of several microbial

'Vdmutagen1c1ty assays indicated that pi-

cloram is not mutagenic with or without
metabolic activation (Andersen et al.
'1972, Torracca et al. . 1976; Carere et
al. - 1978). There: appears to be only one
report (Ercegovich and Rashid 1977) that
considered picloram a weak microbial
mutagen. The absence of cytological
changes in bone marrow cells in
laboratory rats supports the suggestion
of the. nonmutagenic nature of picloram
(Mensik et al. 1976).

A three-generation (two litters per
generation) fertility, reproduction,
lactation, and teratdlogy study con-
cluded that 75 mg-kg-1-d-! (body weight)
Tordon®. (95% ai) was not teratogenic in
rats. Picloram reduced fertility at 75
mg-kg-1-d-!, with a NOAEL for this ef-

and»
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‘white
“toxic ‘or teratogen1c effects

~review of

failed

fect at 25 mg-kg-1-d-! Effects on la¢é-
tation or other reproductive ‘responses
vere not observed "(McCollister et al.
1967). A teratogenic study with 500-,
750-, and 1000-mg-kg~!-d-! treatments on
days 6 to 15 of gestation found evidence
of retarded fetal growth, but this did
not occur in ‘a dose-related manner
(Thompson et al. 1972). .Oral ingestion
of picloram at AQO'Amg-kg.‘hd'1 as the
potassium salt by pregnant New Zealand
rabbits failed to produce embryo—
(Mullis0n
1985).

An' initial study of the carC1noge— B
nicity of picloram to rats and mice (NCY
1978) indicated that ' picloram induced
benign liver tumors in rats.. Subsequent
the study by the National
Toxicology Program questioned the find-
ings (U.S. EPA 1987). Retesting by the
Dow Chemical Co. (1986) established the
absence of an oncogenic effect. The
original NCI (1978) mouse study = also
to find treatment-related
carcinogenic responses. S

Guideline ,

Derivation of a recommended guide-
line for picloram in livestock watering
supplies presumes the protection of the
most sensitive -species (CCREM 1987).
Long—term picloram ingestion studies
that used typical livestock species were
not found.. Under these circumstances,
the derivation of a guideline for live-
stock watering supplies necessitated the
implementation of the CCREM (1987) pro-
cedure to use the guideline for pesti-
cides in raw water. for drinking water
supply as the guideline’ for 1livestock
wvatering. This procedure is used "as a
means of providing a margin of safety
for livestock and preventing unaccep-
table residues in animal products"
(CCREM 1987). As an inter1m guideline
for picloram in raw water for drinking
water supply 1s available (190 pg-L-1),
this value  is ~adopted as the interim
guideline for livestock watering.




is. enhanced by
'sistance'to plant metabolic degradation.

1.0 pg-kg-t. A

1970).

- .10 ug-L-!, as

: éxist

Inigation
Toxicity to Nontarget Plant Species '

The toxicity of picloram to plants
its mobility and re-

Picloram is easily absorbed by roots or

‘" foliage and. readily transported by means

of phloem throughout the plant, eventu-
ally accumulating at the grow1ng regions

* (Foy 1976).

A number“of important
are highly sensitive to picloram (Davis
and Ingebo 1973). - Concentrations of
p1cloram reported in runoff water are,
under certain circumstances, sufficient

crop species

to injure the growth of sensitive plants -

(e.g., black valentine beans) for as
long as 4 months after application
(Trichell et al. 1968). Investigations
of the effect of low concentrations of
picloram on crop
found
picloram-treated watershed,

conducted (Baur et al. 1970)
cant reductions in soybean dry weight
were found ‘at soil concentrations of
concentration of

have been

species as would be .
in runoff water downstream from a -

Signifi-

were also. reported to
have injured plants  in Vest . Virginia
(Mullison 1985). Prank et al. (1979)
noted that 0.08 ug-L-! affected tobacco:
seedlings in southern Ontario. Until
these reports are confirmed and support-
ed by other no-observed-effect data, a
guideline for picloram in irrigation
wvater cannot be derived. o

and 0.4 wug-L-!

Recreational Quality  and

Vater
- Aesthetics
Organoleptic Effects
Information related to the coheen-

tration of picloram in vater that causes’

a taste or odour was not found in ‘the
~ published literature. The low volatil-
ity - of picloram and its formulations

0;25“ug‘kg'1 in the soil produced obser-

vable damage to sunflowers (Baur et al.
It has been concluded that pi-
cloram residues of 10 ug-L-! or greater
could significantly affect the growth of
some crop seedllngs (Bovey and Scifres
1971)

Gu:delme

The main use of picloram
appears to be for brush control dlong
utility and transport rights-of-way.
Use along irrigation canals or on fields
in irrigated areas appears limited.
Given the extreme sensitivity of some
crops to picloram, howvever, the value of
suggested by Bovey and
Scifres (1971) to be the lower limit for
toXic effects, may be too high. Reports
that 1-4 pg-L-1
rigation water injured tomato and field
bean - crops near Kimball, Nebraska
(Mullison 1985). Concentrations of 0.05

p1cloram in ir-

in Canada. -
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“tered use patterns.

makes it unlikely that small concen-
trations (i.e., 10 ug-L-!) could cause
vater to have an odour. B

Guideline

At present, there is no evidence to

“indicate that recreational water quality

and aesthetics would be adversely af-
ected by p1cloram residues when this
herbicide is used according to 1label
instructions. . Thus, a water quality.
guideline has not been determlned for
recreation and aesthetics. o

Industtial Vater Supplies
Guideline

There is no indication that picloram
poses or has the potential to pose a
threat to the quality of water used for
industry when used according to regis-
Although of poten-
tial concern if found in water supplies,

a water quality guideline for picloram

in -industrial water supplles has not
been determined.
SUMMARY

, Following an extensive evalﬁationpof
the published literature on the herbi-
cide picloram, Canadian water quality




1TaBle}3i;;Recomménded Vater Quality Guidelines for Picloram .

B f.Uséé5‘-_ B S B ot ;; Récommended guidelinese'vf'”

e'_Raw water for dr1nk1ng water supply . - '190 ug L‘1 (IMAC)*

'Freshwater aquatlc l1fe ". S L 29 ug: L‘1 (1nter1m gu1de11ne) R

, Agricultural uses

'.Livestoek watering_; ' ‘ ,190 ug L‘1 (1nter1m gu1de11ne)‘f

Irrlgatlon , " ' . _ 'No recommended gu1de11ne

binlthecreat1onal water qua11ty and aesthetlcs o C‘No,recpmmended guldel;qe', L

"fIndustrral water supplles., ‘ , . . Nb;reéommended'guidelinef

'“*Existihg ihterih'drinkinguwaterVQﬁideline (Healih:énd*Veiﬁare_Caheda 1982) '
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guidelines

. Force o
- the scientific reviewers from Environ-

H. Lerer

Andersen,

' Baarschers, W.H., J.G.

Baur,  J.R., R.V.

vere derived (Table 3). The

background information on picloram, in

terms- of uses and production, occurrence '

in the aquatic environment, and persis-
tence and degradation was reviewed. The

rationale: employed for the development
of the recommended -guidelines was
summarized.
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Table A-~l. Continued

Residues in.

Plot description ) Formulation Application. Method of “runof € (‘y_g,tn”l-)» . :
{soil type, crop) (% ai) rate . application (days posttreatment) ‘Reference
College Station, Texas; " NR 1.12 'kg-ha'l spray . 2170 (1) Trichell et al. 1968

- clay Yoam soil, pH = 71.5; (K-salt) 27 (120)
organic: matter = 1.5%=2.0% . : o .
sod .consisted. of Co )
bermudagrass, silver
beardgrass, and three-awn
College ‘Station, Texas; NR. 1.12 kg-ha"I spray 650 . (1) Trichell et al. 1968
clay loam soil, pH = 7.5; (K~salt) _ i 15 ’ - {120) :
organic matter = 1.5%-2.0% : ’ :
sod consisted of-
bermudagrass, ‘silver
beardgrass, and. three-awn;

‘plowed to: depth of 1.6-2.4 cm

Power line right-of-way; Tordon 101 9.35 kg-ha_':l spray 38 {0) -Suffling et al. 1974
southern Ontario; (10.2) . s 28 (12)

podsolized soils with 26 (18)

0-10 cm layer :of organic '

matter over 3-cm ash grey

horizon; pH = 3.5-6.0;

25 x 25 m plot '(_

. 4-ha- plot at: the Coweeta’ pellets 5.0 kg-ha’l broadcast -3 (27) ‘Neary et al. 1985
Hydrological Lab, western (10) * '
'North Carolina; soils mainly
stony loams, coarse-loamy,:

‘mixed; mésic: Umbric
Dystrochrepts; forest stand
was: mixture of low quality i
hardwoods ’
7.6 x 23 m plots near Carlos, NR 1.12 _kg-ha"1 spray 26.2 (2) . Baur, Bovey, and Merkle -
Texasi; 'soil was fine sandy (29 April 1969) 78.9 (4) et al. 1972
loam; predominant vegetation ’ 89.7 (6)
consisted of yaupon, post 88.5 (8)
oak and blackjack oak 32.3 (9)
1.12 kg+ha™t spray. 10.0 ' 13)
: - (20- May -1969) : 13.8 . (15)
1.12 kg-ha™1 spray 1.0 (30)
(17 June 1969) 1.4 (67)
2.4 7 {71)..
1.9 (124
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Table A-1. Contir_med

Application - - Method of

Residues in

Plot description Formulation ) runof £ :('ﬂg-L-l' ) - . .
" (soil type, crop) ($ ai) - rate } application (days: posttreatment) Reference
k : Co : - N Surface Water
Jimmy Lake Weapons Range, Tordon 10K 3.38 kg‘-ha'.l' broadcast: 0.26 . (390) Waite et. al. 1986;
.Saskatchewan; boreal pellets (NR) {as active ingre— . 0,03 (660) - Smith et al. 1988
forest; soil was: fine - : dient) on 490 ha . 1.15 (7809
sand mixed with gravel . : 0.39 (1050}
and rock; ground water . o
approximately 15 cm below Ground water
surface 0.14 (390)
’ 12.6 (660))
. 438.5 (780)
88.3 (1050) )
113-ha pinyon-juniper NR 2.8 kg ae+ha™l ) spray . 320 (157) Johnsen 1980
watershed in central : 260 (158)): :
Arizona {(Cocoino National 235 (159)
Forest); soil was very 180 (161);
_stony -clay, -a fine, mont- 200 (178)
‘morillonic, mesic Typic - 160 {181)
Chromusterts 200 (185-186)
175 {187-<196)
98 (202)
135 (203)
130 (204)
B - 94 (205)
135 (207)
. 14 (350)
. 10 (356)
16 , (369)
8- - (391-402)
18 - (451)
12 (452)
16 (455)
10 (557-561) !
11 - (564)
10 (566)
-7 (568)
2 (745)
N 3 (747)
7 (915)
< 0.4 (1087)
N <-0.4 (1089)
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Table A-l. Continued

Method of

Residues in

Tuskegee National Forest,
Alabama; loamy sand soils
generally underlain by
sandy’ clay loam; soil pH
4.5-5.5; organic matter

- <1%; main forest overstory

and understory destroyed
by fire in 1978; extensive
Kudzu growth-

Plot 'description Formulation Application runoff ‘(wg-»l.'l)v
(soil type, :crop) {% ai) -~ rate application (days posttreatment) Reference
2-2.5-ha watershed in NR 1.2 kg-ha'l spray 110 ‘ (105) Norris et al. 1982
southern Oregon (Boyer (as picloram) 43 (126)
Ranch); soils were heavy, ’ 64 (130)
dark clay, slightly 39 : (138)
acidic with 3%-4% <1 (162-197)
organic matter 12 (202) -
1 (209)
<1 (222)
S-ha. watershed in southern NR 1.68 kg-ha"l ‘spray 57 (105) Norris et al. 1982
Oregon (Ronk Ranch); soil 71 (127) :
as above : 49 {132)
. 7 {(141)
6 (147)
19 (153)
10 - (161-165)
4 (171)
2 : (178)
. 3 (186)
26, ) {189)
2 - (196)
<1 (199)
<1 (208)
1.5-ha "downstream" portion pellets 56 kg-,;l‘a'l broadcast 241 (14) .Michael et al. 1989
- of 4.1-ha watershed in (10) . ) from air <2 (140) : '
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Table B-1. Environmental Concentrations of Pi

L -

cloram Residues ‘inbcénadi'an. Surface Water and .Gtound‘ﬂiter :

Loca't_ion, years,
.and conditions

Matrix

Concentration : shmi;les: with

Reference

Rural wells. in southern Ontario

Canadian Forces Base Gagetown,
New: Brunswick -

15 Alberta municipalities using .-

surface-water supplies

13 Alberta municipalities using

ground-water supplies

Metropolitan Toronto, Ont.
1971 - 1982

Anherl’stbqrg, ont. )
(treatment plant)

Mitchell’s Bay, Ont.
(treatment plant)

Stoney Point, Ont.

‘(treatment plant)

Ground water

~ Ground water

Treated drinking w_ai:er.

Treated drinking water

Raw rdtink?mq water .

Treated drinking‘ yﬂter

Raw drinking water

) i‘reatgd drinking wiﬁer

Raw drinking water
Treated drinking water
Raw drinking water

Treated dtirik:_lng ‘water

(maximum). ' ‘pegt‘icide’/ll .
32 pg-rl Y
17.1 pgerl . spn2 ‘
- N/A - © 07284 .
(detection limit =
0.01 = 0.3 yg:L™")
N/A 0/26
: {detection limit =.
0.01 - 0.3 pg-r})
L7 S o3 :
: " ‘(detection limit KR)
N/A - 073 :
) (detection limit NR)
WA S . 01 L
: " {detection limit NR)
N/A SN 9/1 5
¢ } (detection limit NR)
N/A : o/1
. {(detection limit =
0.1 ygerl)
“N/A on -
) (detection limit =
0.1 pg-Lh)
7 o2
. (detection limit =
0.1 pgLihy
‘sA ' 072
: - (detection limit =

0.1 pg-t7hy

Frank et. al. 1987

Franklin 1985

Hiebsch 1988
Hiebsch 1988

Hiebsch 1988
Hiebsch 1988.
Hiebsch 1988

Hiebsch 1988 .

Hiebsch 1988

no., of samples -

N/A = 'not. applicable
MR =

‘not reported:
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) ‘Table B—l . Continued

(detection limit

0.1 pg-r1y

‘| Location, years, S - Concentration Samples with <" '
. and conditions- ©. o Matrix c o {maximum) . pesticide/N Reference
" Wallaceburg, Ont. Raw drinking water BA o2 " Hiebsch 1988
(treatment. plant) - e ‘ (detection limit o :
. . ) . 0.1 [IQ'L-l_)'
Treated drinking water N/A I )
) ‘ o . (detection limit '
0.1 pg-r7l)
Wa-lpole ;Islu.ld,» ont. Raw drinking water ‘N/A : 0/1 : lnebsch 1988 '
(treatment plant) (detection limit i
L : 0.1 pg-L™)
Treated drinking water “M/A "0/1 . B :
’ . (detection limit
0.1 ug:L™7)
_ wWindsor, Ont. - . " Raw drinking vater N/A o/1 Hiebsch. 1988
{treatment plant) - S (detection limit
R ‘ 0.1 pgrt7)
. "Treated drinking water N)A 0/1
. (detection limit
0.1 pg-L by
lla:roy', ont. - ] Raw drinking water N/A 01 Riebsch 1988
{treatment plant) : - . o ‘(detection limit .
0.1 pg-L Lty
T:Qated-,‘d:inking vater N/A "
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Table C-1. Summary:of Picloram Acute Toxicity ‘Data. for Aquatic oOrganisms!

o : ) ‘Chemical or Exp’osn;’r'é- . .
Organism i formulation time : Effects2 ~ Comments Reference
VERTEBRATES .
Brook trout : © Tordsn 22K © 24n Icgy = 91 mgeL7l a 100c Keriaga 1969
(Salvelinus fontinalis) (K salt) - 9 h LCgy = 91 mg-L™ 1 e 10°C '
‘96 h . No mortality at 69 mg-L™ =3 ae ‘10°C’ . :
9 h Wsg = 420 mg-L™t © o 1occ . . Lynn 1965
Brown trout Tordon 22K 24 h . I‘CSO = 52 mg- L'l i » 10°c . Kenaga. 1969
{Salmo trutta) (K/salt) 96 h LCgq = 52 mg-L7! a : 10°C
. . 96 h No mortality at %2 mg-L™: -1 o :
96 h LC5° = 240 mg- L~ 10°c . ‘Lynn 1965
. ‘Coho. salmon ' Picloram as acid  24'h 'I‘ACSO =29.0 mg-l.'l ae ] ' 17°C . : Kenaga 1969
(Oncorhynchus kisutch) 48 h LCgqo = 25.0 ng-L7L ae ‘ T 17°C S
- ‘ 96 h IC5o = 21.0 mg-L™T ae - - 17°C
FYR Lcgy = 25.0 mg-L7t ae
48'h 1008 mortality at 25 mg-L~ 1
24n . 35% mortalxty at 24 mgeL” L e - . 11°c
48 h 90% ‘mortality at 24 mg-L~ “1 2 . o
& . o ) 24h - 30% mortality at 21 mg-L} ae - 17°C
48 h 45% mortality at 21 mg-L” o SR
Fathead minnow . Tordon 22K 24 h t[cso =52 mg-L} ae - : 10°c .  Kenaga 1969
(Pimephales promelas) (K salt) - 48 h LCgy = 32 mg-L™ "l ae ‘ 10°¢c -
' : ' 72 h 1C5o = 32 mg-L™! ae - 10°c
: 96.h LC5o = 29 mg-L™t ae . 10°¢C
"9 h No mortality at 22 mg- L! : 10°¢ S
96 h LCgy = 135 mg-l. B ) 10°C Lynn 1965
" Rainbow trout Picloram as acid 24 h ICgq = 34 mg;-L = ae T 13°c Kenaga 1969
(Salmo gairdneri) B 48 h LCgy = 25 mg-L™! ae - 13°c
Do 96 h. 'LCgq = 24 mg-L~ : 13°c

‘lgaged on I\nicc 1974 with additional data.
95% conf;dence limits in parentheses.

Note: TIPA = triisopropanolamine
TEA = triethylamine -
Hard = test water hardness ‘as. mg L1 CaCo;
'MATC = maximum acceptable toxicant concentration



- Table C-1. Continued ’ e

Chemical or. . ﬁ;xpoéute

| Organism - ’formu'latj.’on* s time - : . 'Effeétsbz' : - ,"Césmet_;ts- . . ‘Reference
B Rainbow trout (cont’d) - Picléram as " 24h ICgg = 279.';ng-,-i‘.'1<'ae C . 1e°c.
' S - .- TIPA salt 48 h “1€gg = 210 ng-L7l ‘ae 16°C
g ' 72'h ICgq = 210 mg-L ™} ae - 16°C
9 h LC5q = 210 ng-Ll ae - 16°C
Picloram as 7 1c5g ='43:4'0g°L™) ae ~ 16°c
TEA salt - . 48h | Logg =30.2mgLlae - 16°C
' : 72 h LCgy = 29.2 mg-L™} ae - 16%¢
96 h ‘ICgq = 29.2 mg-Ll ae 16°C
Tordon 22k | 24'h LCsy = 50 mg-L ' ae - . 10°%
(K salt) 9 h Loy = 58 mg-Llae - 10°c
: -~ 96 h No mortality at 22 mg-L™l ae 10°c
: * Picloram as 24k gy =9-6mgLrae . . 16%
isooctyl ester 48. h ICgq = 5.1 mg-L! ae 16°C
: 72h g = 3:3 mg-Lt ae 16°C
96 h LCgy = 3.1 mg*L7! ae: - 16°C
Tordon 22 K 96. h 1C5q = 230 mg+L2 10°¢ ' Lymn 1965
A {K salt) ’ :
& Picloram as - 24 h ICgy = 2.5 mg-L™t FWPCA 1968
acid .
Green sunfish Tordon 22 K 24 h° Lcggy = 91 mg-L7! ae - 10°¢ ~ Kenaga 1969.
" (Lepomis ‘cyanellus) . (K salt) 96 h LCgy = 915_':mg-,1’.._1 ‘ae » .10°C '
. ] ) - i 96 h No mortality .at 39 mg-L"l ae 10°c
Tordon 22K~ 96h Loy = 420 mg-tt . 10°¢ . Lynn 1965
(K 'Salt‘) B St L o o : . ' -
. Largemouth bass : Piclotamas =~ — 24 h ' LC5° = 1§.7 mg-LL ae : . 249¢ _ *  Kenaga 1969 .
' - {Micropterus: salmoides) acid 48 kK Lgq = 13'.1Amg-L']_';'ée C 29ec | - .
Black bullhead - _Tordon 22k - 24 h gy = 91 mgLt ae” 10°C Kenaga 1969
{Ictalurus melas) . - (K salt) - .96 h LCgo = 91 mg-L"l ae o 10°c :
S 9% h No'mortality at 69 mg-L™} ae - 10°¢c "
-ﬁIuegii?l - . Picloram-as . 24 h. 'Icsb = 26.5 mg-L™ ae : 17°c - ' Kehaga 1969 )
(Lepomis macrochirus) ' - - acid-. - 48 h LCgg = 22.5 mg-L_]', ‘ae . - 17°c : e
' . ' : 72 h 1Cgg = 21.0 mg:L™} ae - . 17°c
) 96 h " 1Cgq = 21.0 mg-L™! ae ‘ . 17%
Tordon 22K 24h - gy =8.2mgLlae .0 - 18%C
(K-salt) - - 48 h' ICgq = 1.3 mgeL7l ... 18°¢C
N 96 h 150 = 5.4 mg . 189C
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Table C-1. Continued

. _ Chemical or Exposure - .
organism formulation time Effeci:s2 Comments ’ ‘ Reference
Channel catfish ) “Picloram as 24 h LCgy = 70.5 mg'r.._:l ae ‘ 27°C Keﬁaga 1969
{Ictalurus punctatus) TEA salt 48 h LCoy = 64.9 mg-L™} ae 27°¢
: ' 72h Lcgy = 52.9 mg-L" ae 27°C
96 h LCg = 52.9 mg-L™! ae v 27°C
Picloram as " 24 h LCgq = 2.2 mg-L_l_ ae o 18°C .
isooctyl ester 96 h LCgy = 0.9 -mg-L'fl‘ae 18°C
24 h LCgo = 16.4 mg-L ™) ae. 27°¢
48 h LCsq = 15.5 mg-L ! ae © - 27%¢
72 h LCgo = 8.9 mg-L™} ae 27°¢
9 h Lcgy = 8.9 mg-L™t ae _ 27°c
Goldfish V Picloram as 24 h T LCgq = 27-36 ng-L ™} ae . 24°¢ . " Kenaga 1969
(Carassius auratus) acid 48 h LCgqy = 21-32 mg-L™ " ae ' 24°C :
96 h LCgy = 14-32 mg-L! ae 24°¢
Picloram as 48 h LCgq = 27.0 mg-L7 ae . 27°c
isooctyl ester 72 h ICgy = 13.5 mg-L"'l -ae ) 27°C
96 h LCgq =10.4 mg-L™} ae 27°¢C
Picloram as 24 h L5 = 90.6 mg-l'.._l ae . ) 27°C
TEA salt 48 h LCgy = 61.3 mg-L™} ae : 27°¢
72 h LCzy = 45.5 mg L ae “27°¢C
96 h Lcgy = 43.7 mg-L™! ae . 27°¢
.Emérald shiner ’ Tordon 22K 24 h LCgq = 34.1 mg-L_l ae 21-26°C - Kenaga 1969
| {Notropis atherinoides) (K salt) - . 48 h LC5° = 34.1'mg-L-1 ae 21-26°C . ’ : o h
T 96 h LCgo = 30.3 mg-L7} aer 21-26°C : : A :
Harlequin fish Picloram as - 24 h LCgqo = 34 mg-L—l' ae . C Alabaster 1969
(Rasbora heteromorpha) K salt . oo -
Cutthroat trout Picloram as acid ‘96 h LCgg.-= 6.5 mg-l.-l . : Static test; Woodward 1976;
(Salmo clarki}) Tech. grade - (5.55 to 7.61) Hard = 44 . Mayer and Ellersieck:
’ ’ . ' ' ) 1986
(90% ai) 24 h LCgy = 8.3 mg-L7t _ '5°C; pH = 7.4
’ (5.5 to 12.6) : : as above
as above 96 h LCgq = 5.0 mg-L'l S ~as abéve, except
: (4.36 to 5.73) 10°c '
24 h LCgy = 5.5 mg-L-1 . as above
" {5.0 to 6.0) ’ ' '




Table C-1. Continued

Chemical or

Exposure

(377 to 6.1)

Organism : formulation time Effects? Comments - Reference
Cutthroat trout (cont’d) as above 96 h LCgy = 4.1 mg-L"l as above, except
: o (3.38 to 4.97) 15°¢C
24 h LCgq = 4.8 mg-L'l as above
: (3.7 to 6.2) ) L
“ as above 96 h LCgq = 8;6 mg»-L'l Static test;
{7.60 to 9.73) Hard = 44
24h . LCgy = 12.5 mg-LL 10°C; pH = 6.5
(8.0 to 17.4) . as above
as above 96 h LCgy = 4-70 ‘mg_-L'l as above, except
) (3.94 to 5.60) pH = 7.5
24 h 7 o = 6.0 mg-L'l as above ’
(4.3 to 5.8)
as: above 9 h LCgy = 4.15 mg-L1 as above, except
S (3238 to 5.10) pH = 8.5 .
' 5 24 h . LCgy = 4.7»mg'-1."1‘ as above
(3.9 to 5.6)
as above 96 h LCgq. = 3.7 mg-L~1 static. test;
’ (2.89 to 4.74) ) 10°C; pH = 7.8
24 h LCgg = 3.7 mg-L7! Hard = 44
(2.9 to 4.7) as .above
as above 96 h LF50 = 3.45 mq‘-L'lf as above, except
: (2.97 to 4.00) Hard = 170
24 h LCgy = 4.4 mg.-L'l as above
(4.0 to 4.9)
as above .96 h LCz, = 3.45 mq-L_1 as above, excepf
50
(2.87 to 4100)-\ Hard = 300
‘as above, 96 h LCgq = 5.8 mg‘-L_l Static test; Mayer and Ellersieck 1986,
except 99% (5.0 to 6.7) 10°C; pH = 7.4 .
as above 96 h LCgq ,4.8.mg-ﬁ—1 as above, except test

solution aged for 7 4
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Table C-1. Continued

Chemical or - Exposure ] . .
Organism . ’ . formulation time' . Effects? ‘ Comments Reference
Cutthroat trout (cont’d) as above 24 h ICgq = 5;3 mg-l'.._l_ as above
: : (4.1 to 6.8) :
as above .96 h LCgy = 4.8 mg-L_l as above, excépt test
(4.1 to 5.6) » solution aged for 14 d
as above 24 h. LCgq = 6.0 mg-I..'1 ) ) as above.
: (5.4 to 6.7)
as above 96 h . LCgq = 7.8 mg-L~1 as above, except test : ) ’ Y
: (6.2 to 9.8) . solution aged for: 21 d . .
as above 96 h I‘CSO =5.9 mg-L—l . as above, except test
(4.8 to 7.3) ) ' ' solution aged for 28 d
as above oo 96 h LC50 = 1.5 mé-L—l . Flow—-through test;
(1.2 to 1.8) : ‘ Hard = 162; 10°C; pH = 7.4
as above 96 h "LCgq = 5.4 mg-L~1 i Static test; Hard = 44;
. 10°C; pH = 7.4
a : .
~ - . as above 24 h - LCgg = 6.7 mg-L~} ~ as above o
\ (5.6 to 8.0) . L
as above o © 24h LCgy = 3.4 mg-I.-1 . Static test; Hard = 162;
' (2.5 to 4.4) 10°C; pH = 7.4
as above 96 h _I.C5°.= 5.8 mg-L~1 as above
; . : : (4.6 to 7.4) .
B 1
as above. 24 h - LCgq = 4.4 mg-L"]' as above’
: (3.6 to 5.4)
as above © 96 h Ll = 4.7 mg-L"]" as above, except
(3.8 to 5.8) : Hard = 44
as above: 24 h LCgy = 4.7 mg-L"l,~ as above, except 12°C
(3.8 to 5.8) .
Lake trout Picloram as acid - 96 h. . LCgg = 3.60 mg-i."-l Static test; Meyer and_Ellet-siec
(Salvelinus namaycush) tech. grade (2.98 to 4.35) . Hard = 44 : 1986 :
(90% ai) ; , _ pH = 7.2, 5°C '
24 h B DCSO- = 4.6 mg-L_1 ' as above

(3.0 to 7.2)




Table C-1. Continued

. " Chemical or Exposure _ .
Organism. formulation . time Ef‘fectsvz', . . Comments Reference
Lake trout {cont’d} as above 96 1Cgq = 4.25 mg-l‘.._:l © as abové», except

24

96

(4.00 to 4.51)

= .11
ICgq = 4.3 mg-L

(3.9 to 4.8)

10°C

as above.

as .above LCgq = 2.35 mg-L"l ) as above, :except'
(1.66 to 3.34) - 15°¢
24 LCgy = 2.7 mg-L"1 as_above
(1.9 to 3.6)
as .above 26 LCgq = 4.95 mg,-L‘_l_ -Sfétic test;
: (4.18 to 5.87) Hard = 44
. s - C
© 24 LCgp = 5.0'mg-L 1 - .as above
(4.2 - 5.9)
as above 96 LCgo = 2.70 mg-L_l as above,
B {1.82 to 4.00) except pH = 7.5
24 I‘CSO = 3.0 mg-L_].' as abave -
(2.2 - 4.1)
as above 96 LCgy = 2.70 mg-L._:L as above,
(1.82 to 4.00) except pH = 7.5.
24 LCgq = 3.0 mg-L"1 « as above
(2.2°- 4.1)
as .above 96 h: LCgq = 2.05 mg-L"l as above,
: (1.55 to 2.71) - except pH = 8.5
241 LCgq = 2.1 mg-LL as above
' (1.6 .to 2.7) : v
as above 96 LCgy = 2.15 niq-L‘l Static test; 10°C;
(1.6 to 2.9) pH = 7.8; Hard = 44
24 ICgp = 2.2 'r|1g~L"1 as above
(1.6 to 2.9)
as above 96 DCSO = 1.55 mg-I.-1 'as\above, except

{1.18 to 2.03)

Hard = 160




‘Table C-1. Continued

) “ Chemical or Exposure ) ) .
Orgapism formulation ‘time Effects? i Comments: , Reference
Lake trout'(cont'd) 24 h ICgq = 1.8 mqu'l as -above g
- (1.4 to.2.2)
. i -
as above 96 h ICqq = 2.10 mq-L—l as above, except
: (1.55 to 2.84) , Hard = 300
24 h LCgg = 2.4 mg-LTl as above -
(1.9 to 3.1)
as above 96 h' ICgy = 3.5 mg-1t Static test; Hard 44;
. except 99% : “{2.5 to 5.0) 10°C; pH = 7.4
24 h 'LCgq = 3.5 mg-LTl_ as above
' (2.5 to 5.0) ’ .
as above - 96 h 1Cgq = 1.9 mg-L"l Flow-through test;
SN : (1.6 to 2.1) Hard = 162; 10°C;
. . ’ pH = 7.4
Lake trout as above 96 h LCgq = 2.9 mg-L 1 as abbve, except - Mayer and'Elietsieck
(swimup fry) (2.4 to 3.4) static test . 1986
as above’ 24 h LCSd = 3.7 mg-L 1 as above
' (3.3 to 4.2)
(yolk-sac fry) as above 96 h ICgq = 16.8 mg-I.."1 fas;above;
: (11.4 to 24.6)
24 h LCgq = 16.8 mg-L_1 as above
(11.4 to 24.6) ‘
Rainbow trout as above 96 h LCSO = 4.0 mg-L—l» Static test; Hard = 44; Mayer and Ellersieck
(Salmo gairdneri.) (2.8 to 5.9) 13°C; pH = 7.1 1986
as above 24 h LCgy = 5.2 mgfL-l as above
: (2.8 to 9.5)
: as abové' 96 h ICgy = 3.1 mg*L 1 as above, except
(1.7 to 5.6) Hard = 272 ,
as. above 24 h LCgy = 3.1 mg-Ll as above
{1.7 to 5.6) 3
Liquid 96 h LCgq = 12 mg-L7} " Static test; ‘
9% ai (9.8 to 14.7) . Hard = 40; 12°C;

24.

pH = 7.4




Table C-1. Continued

) dxemiéal or Exposure . S . :
Organism : formulation . time - Effects? Comments Reference
Rainbow trout.(cont'd) ‘ o 24 h Legy = 12 mg-Ifl as above
' . - : (9.8 to 14.7)
Technical 'gr§de 96 h LCgo = 10 mg-L'l ) as above, except 7°C
99% ai © (7.2 to 13.9) : ' :
Y . ‘ as above A 24 h LCgq = 11 mg-L—l as above
B ' : (7.6 to 15.8)
as above 24'h LCgy = 13.5 mg--L']' I as above, except 12°¢
’ (11.1 to 16.5) .
-as above. . 96 h LCgqy =. 12 mg-L"l : as a'bove/, except 17°C
. (9.0 to 16.1) -
) /
as above 9% h - LCgy = 13 mg-L"]'i_ ) ' Static test; Hard = 40;
' , {10.7 to 15.8) ’ 12°C; pH = 6.5
as above © 24n 1Cgy = 13 ng-L1 L as above A -
: ‘ {(10.7 to 15.8)
o ) . . . -1 .
o. as above 96 h LCgy = 6.0 mg-L ) as above, except
: (4.3 to 8.3) ' . pH = 7.5
. as above 24 h LCgg = 6.8 mng—l '_ as above
P o . (4.9 to 9.4) '
as above 96 h i.cso = 5.8 ‘mg‘-'L"lf ) as above, except pH = 8.5
(4.3 to 7.8) : :
as above. 24 h o ICgg = 6.0 mg;L_l o as above
: (4.1 to 8.7) ) B
as above 96'h ‘LCSO = 14 mg-L'l - ,- as above, except pH = 7.4
: © (10.5 to 18.5) -
as above 24 h - LCgq = 16 mq-L'l . : as above
: (10.7 to 23.9) * ' ¥
as above . 96 h LC50 = 8.0 mg-L—1 o Static test; Hard = 320;
) (6.1 to.10.4) . 12°C; pH = 8.0
as above 24 h LCgy 8.7 mg-L"1 as above

(6.5 to 11.5)
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Table C-1. Continued

.-Chemical or

(92 to 132)

17-17.4°C

. ) Exposure .
organism - formulation - time Effectsz Comments - . Reference
Rainbow trout (cont’d) as above 95 h' ICgq = 11.0 mg-I."1 Static test; Hard = 40;

(fingerling) ‘ ' (7.4 to. 16.4) 12°C; pH = 7.4
as above 24 h - LCgq = 12.0. mg-L_l as above .-
(8.7 to 16:6)
(Swimup fry) ' as .above 96 h LCgqg = 8.0 mg-!.'.'1 as above, -except 12°C’
i " (6.5 to 9.9) '
as above 24 h LCgq = 17.0 mg-L_l as above
" {11.5 to 25)
{yolk-sac fry)' " - as above 96 h LCgq = 8.0 mg-L 1 as a_bové
' (6.0 to 10.5)
as above 24 h Icso = 17.0 mg-I.'1 as above, except
(13.3 to 21.6) pH = 7.5
Fathead minnow . Picloram as: 96 h ICgq = 55.3 mg-L—l pH ="7.2;8.Q; ‘Mayes and Dill 1984
(Pimephales promelas) acid i {(47.4 to 64.6) 17.0-17.4°C i
K salt 9 h ICgq = 201 ng-L1 ‘pH = 7.5-8.0;
(161 to 288) 17.0-17.4°C
TIPA salt 9 h Lcg = 150 mg L~} pH = 7.3-1.9;
: {132 to 176) 17.5-18.0°C ,
Rainbow trout Piclbram as 96 ' h LCgq = 19.3 mg'L'l pH = 7.5-8.1; .~ - Mayes and Dill-1984.
(Salmo gairdneri) acid . (16.5 to 21.8) 11.7-12.5°C ’
K salt 9 h LCgy = 48 mg-L7} pH = 7.5-8.1;
(42 to 54) - - 12-13°C
TIPA salt 96 h Icgy = 51 mg-L™} pH = 6.9-7.6;
(43 to 61) 12-12.5°C.
Bluegill ‘ Picloram as 96 h LCgg = 44.5 mg-L"'l pH = 7.4-8.1; Mayes and Dill 1984
(Lepomis macrochirus_) acid (33.9 to 88.2) 17-17.4°C . .
K salt " %% n Legq = 137 mg-L pH = 7.7-8.0; /
(114 to 166) ) 16.5-17.7°C
TIFA salt 9 h LCgq = 109 mg-L7t pH = 7.7-8.0;
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Table C-1. Continued

Chemical or ~  Exposure

Organism . formulation . time’ Effeqtsz - _ Comments g » " Reference
Rainbow trout Picloram » 96 h LCg, = 15. 6 mg- 1 Flow-through ‘test Mayes et al. ‘1987
(Salmo .gairdneri) . {93.8% ai) . ) (14.3 to 17.0) : at. 3 L*h™"; - . )
(90 d old) . ) : ’ S ) . " pH = 7.8-8.5;
: C . ' : ' Hard = 73~-83
192 h LCgy = 14.0 mg-L™} NOEL = 6.9 > ng- r!
(12.5 to 15.8)
zrebr'afish . Tordon 22K . 9% nh - LCgg = 35.5 mg-L'1 p Flow—through test w:.th Fogel’s and Sprague 1977
{Brachydanio rerio) (240 g-L"1 as K ) N average 90% replacement
. salt) - . . : Co ~in 8.4 h; 25°C;
Hard = 350-375;
pH = 8.0-8.3
' 'Flagfxsh ‘ Tordon 22K 96 h ICgo = 26.1 mg,-L"'l' - Flow—through test with Fogels and Sprague
(Jordanella flondae) (240 g-L™" as . ' . : : ) ‘average 90% replacement. 1977 .
. : ‘K salt) . . : . in 8.6 h; 25°C; Hard =
: o ‘ ' - 350-375; pH = 8.0-8.3
Rainbow trout ‘ Tordon 22K 48 h LCgo = 31.0 mg-L"l - _~'v Flow-through test with Fogels and Sprague
(Salmo gairdneri) . ) (240 g-I..'1 as ' ) . . average 90% replacement 1977
N : K salt) ’ ' ) _ o 5.6 h; 15°C;
o : ) : " Hard = 350-375;.
’ - : = 8§.0-8.3
S o "as above . 9% h ICgp = 26.0 mg L™t ' Flow-through test with
- I - . . B : ' average 90% replacement
.~ T % S5i6 hy 15°C; - .
Hard = 350-375;
pH = 8.0-8.3
Lake tiout: ' Picloram as acid 96 h LCgy = 4.3 mg~L;1. . Static test; 10°C . Mayer -and Ellersieck 1986
_ {salvelinus namaycush) (90-100% ai) i (4.0 to 4.5)- c
24 h LCgy = 4.3 mg-L™t ~ as above ' : : .
' (3.9 to. 4.8)" ’ : . - :
‘cutthroat trout = as above: ) B 96 h I‘Csb = 4.8 mg-,L_l Static: test; 12°C; Mayer and Ellersieck
\ (Salmo clarki) ) © (3.8 to 6.2) ' Hard = 44 S 1986
24h Lcgy = 5.5 mg-L Tt . as above

(4.5 to 6.6)
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Table C-1. ' Continued

(18 to 30)

- 22°C

Chemical or - Exposure -
.Organism formulation time Effects? Comments Reference
Channel catfish as above 96 h LCgq = 6.3 mg-L'l Static test; 18°C - Mayer and Ellersieck
- (Ictalurus punctatus) - (3.6 to 11.1) ’ 1986.
- as above 96 h LCgy = 15.5 mg-L—1 Static test; 22°C
(11.4 to 20.9)» ‘Hard = 40; pH = 7.4
as above 96 h LCgy = 1.4 mg-L-l Static t;.est; ‘ :
(0_.7‘ to 2.5) ‘Hard = 443 ;I.-8°C; pPH = 7.1
as above 24 h LCgq = 3.2 'mg-L_l, as above
(275 to 4.1) :
as above 96 h LCgq = 13 mg.-L—:l Static test;
(10.3 to 16.4) ‘Hard = 40; 22°C; pH = 7.4
as above 24 h Legy = 14 mg-L7l as above ‘
(10.8 to 18.2)
as above 96 h LCgq = 22 mgk-L_l as above
’ (17.0 to 28.0) -
as above 24 h LCgq = 24 mq-L—I as above
: “¢20.0 to 29.0}
(swimup fry) aS- above 96 h LCgg = 6.8 ing-L'l ‘as above
' (3.5 to 13.0)
(yolk-sac fry). as above 96 h LCgy = 5.8 bm?;-L_l as above
: ' : (4.6 to 7.2) '
Bluegill . as above - 96 h LCgq = 23.0 mg-L_l " Static test; 22°C Mayer and Ellersieck
(Legg mis macrochirus) ) (17.8 to 29.9) Hard = 40; pH = 7.4 - 1986.. )
' K salt 24 h LCgo = 39 mg-L Static test; 18°C;
' (31.0 to 48.0) Hard = 44; pH = 7.1
Technical grade 96 h LCsq = 33 mg-x,;l Static test; o
(99% ai) ’ (22 to 49) Hard = 40; 12°C; pH =.7.4
as above 96 h ICgq = 31 tug-If1 as above, except '
(22 to 43) 17°¢C
- -as above 96 h LCgq = 23 mq-L'l as Jabove, except
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Table C-1. Continued

|
Exposure

(Salmo clarki)

Chemical or .
Organism formulation time. Effects? Comments ) . Reference
Bluegill (cont’d) as above 2 h LCgq = 90 mg-L7t as above . - !
: {57.0 to. 141)
as above 96 h ‘LCgg = 20 mg-L"l as above, except
: ’ (14 to 27) pH = 6.5
as above - 24 h LCgq = 92 mg-L'l as above
(58.0 to 146) ‘ :
as above 96 h LCgy = 18 imq-L'l Static test; ) '
(14 to 25) Hard = 40; pH = 7.5
‘as above‘ ‘24 h . LCSO = 30 -mg-L__l as above
' (23 to 39)
as above .9 h LCgo = 19 mg-L"l : as above, except
(13 to 28) pH = 8.5
as. above 24 h LCgq = 32 mg-L']-' as above
(19 to 53)
as_abéve 96 h LCSO = 26 mq»-L—l as above, except\
(99% ai) (21 to 32) pH = 7.4
: _as above 24 h LCgy = 68 mg-I..-1 as above
- - ) ) (52 to 88)
as above 96 h LCgy = 13.5 mg-L"l as above, except - - B
_ (10.4 to 17.0) Hard = 320 -
as above 24 h LCSO =. 43 mg-L_]' as above
: (33 to 56) : ’
Rainbow trout as above 96 h ICgy = 12.5 mq-L—l Static test; 12°C; Mayer and Elliersieck.
(Salmo -gairdneri) ’ (9.5 to 16.5) Hard = 40; pH = 7.4 ~ 1986
Isooctyl ester .96 h LCgq = 4.0 mg-L"]‘ Static test; 12°C - Johnson and Finley‘
(90% ai)’ (2.8 to 5.9)° 1980
channel catfish as- above 96 h LCgy = 1.4 mg-L'1 Static test; 18°C; ‘ Johnson and 'l"inley
(Ictalurus punctatus’) (0.7 to 2.5) Hard = 44; pK = 7.1 “1980
Cutthroat trout K salt 96 h LCgq = 1.5 mg-vL'l static test; 10°C Johnson and Finley
(24.9% ai) (0.8 to 3.0) 1980
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(36.9% -ae)

96 h

(74.3 to 85.0)

Hard = 78; static test

Table C~1. Continued
: : Chemical or EXposure. : ) )
Organism ‘formulation time Effects? Comments. Reference
. Bluegill ) as above 96 h 1Cgq = 26.8 mg-l’..‘1 Static test; 18°C Johnson and Finley
(Lepomis macrochirus) (22.9 to 31.3) Hard = 44; pH = 7.1 1980
‘Pic;bfam as acid 96 h - . LCgq = 23.0'mq-r.._1 22°C ¢ 1°C; pH = 7.2-7.5;
(90-100 ae) (17.8 to 29.9) Hard = 40-50 :
Cutthroat trout Picloram as acid 4 periods Increased fry mortality at GT' 'Flow—through test; ‘Woodward 1979
(Salmo clarki) {90% ai) i of 48 h 1.3 mq-LTl: reduced fry growth picloram slowly added
- {3 d posthatch) - each at >0.610 mg-LTl; no adverse to test water over
effect below 0.290 mg-L—l 48 'h then stopped for
) : .5 d, prior to
readdition of picloram
at 50% of previous
concentration
Bluegill . Picloram as acid 96 h LC56 = 21.9 mg-ﬁ-l 22°C % 1°C; pﬁ = 7.4-8.1; Mayes and Oliver 1985
. (Lepomis macrochirus) (93.8% ae) : (18.0 to 27.5) Hard = 103; static test- : '
Picloram as-acid. 96 h LCgq = 32.9 mg-LTl- 22°C + 1°C; pH = 7.9;
(91.9% ae) (23.7 to 58.2) Hard = 100; static test
Picloram as acid . 96 h LCgy = 19.4 mg-L71 22°C # 1°C; pH = 7.9;
{(92.7% ae) {(18.0 to 21.0) gard = 100; static test
Picloram as acid 96 h LCgg = 14.5 mé-L-l 24°C + 1°C; pH = 7.2;
' {92.9% ae) (13.7 tQ 15.3) Hard = 40-50; static test .
Rainbow trout as above 96 h ICgq = 5.5 mg-Lfl 13°C & 1°C; pH = 7.2; Mayes and Oliver 1985
(Salmo gairdneri.) : (5.2 to 5.8) Hard = 40-50; static test .
Bluegill Picloram . 96 h ICgq = 24 mg-Lfl 26°C + 1°C; pH = 7.2-7.5; Mayes and Oliver 1985
{Lepomis macrochirus') (K salt: : Hard = 40-50; static test .
: : 91% ae)-
Channel catfish Picloram .9 h ICgo = 14 ng-L1 26°C + 1°C; pH = 7.2-7.5; Mayes and Oliver 1985
{Ictalurus punctatus) (K salt: Hard = 40-50; static test '
. . 91% ae) ’
Rainbow trout K salt 96 h ICgy = 13 mg-L"l 15°C 4 1°C; pH = 7.2~7.5; Mayes and Oliver 1985
(Salmo gairdneri) (91% ae) : . Hard = 40-50; static test . . .
Bluegill . TIPA salt 96 h t;so = 80 mg-L._1 17°C % 1°C; pH = 7.2-8.0; Mayes and Oliver 1985
(Lepomis macrochirus:) " (36.9% ae) . {74.3 to 85.5) Hard = 78; static test
‘TIPA salt LCgy = 79.3 mg-L 7t 17°C & 1°C; pH = 7.6-7.8;




99

Table C-1. Continuea

Organism’

Effectsz_

Comments

‘Reference

'Biuegill (cont’d)

Fathead minnow
(Pimephales promelas)

Rainbow trout
(Salmo gairdneri)

Channel catfish )
(Ictalurus punctatus)

Rainbow trout
(salmo gairdneri)

Channel catfish
(Ictalurus punctatus)

. INVERTEBRATES

Cladoceran
(Daphnia magna)
(first instar)

Stonefly )
(Pteronarcella bodia)
(Nymph)

Stonefly
(Pteronarcys californica)
(Nvmph) i

Chemical or Exposure
formulation - time -
TIPA salt 9 h-
(36.9% ae)

TIPA salt 96 h
(36.9% ae) o
TIPA salt 96 h
(98-99% ae) : :
TIPA salt o 96 h
(36.9% ae)

TIPA salt " 9 h
(36.9% ae)

TEA salt 9% h
. {35.3% ae)

TEA salt 96 h
(35.5% ae) :
Isooctyl. ester 96 h
(63.4% ae)

'

Picloram as -acid. 48 .h.

{93.8% ai)

K salt . 48 h
. (43.5% ai)

TIPA salt - 48 h

. (65.2% ai)

Picloram as acid 96 h
(90-100% ai)

as above _96 h

as above 24 h

Lcgy = 79.3 mg-L~t
(73.5 to 95.6)

LCgg = 81.5 rg-L~1
{63.2 to 102)

LCgy = 310 mgeL™l
(222 to 518)

ICg = 21.6 mg-L™}
(17.6 to 24.7)

LCgg = 21.8 ng-L™t

(19.3 to 25.4)

1Ccp = 74.8 mg-1t
(56 to 100)

LCgg = 41.4 mgrL7l
(32 to 56)

LCgy = 16.5 mg-L™1
(13.5 to 19.6)

= 50 Lt
LCgg = 50.7 mg-L™

(43.7 to 57.6)

LCgg = 212 mg-L™}

(180 to 253)

LCgy = 125 mg-L™}
(111 to 141)

mso = >10.0 mg'L-
Logq = 48 ‘mg-L1

50 = 45 mg-L.
(37 to 62)
1Cgy = 140 mg-L™l

0
(110 to 180)

1

17°C + 1°C; pH = 7.6-7.9;

Hard = 78; static test

- 159C £ 1°C; pH = 7.6-7.9; Mayes

Hard = 75; static test .

12°C + 1°C; pH =.7.2-7.5; Mayes
Hard = 40-50; static test

26°C £ 1°C; pH = 7.6-7.8;
Hard = 78; static test

15°C ¢ 1°C; pH = 7.6-7.9;
Hard = 78; static test

' 26°C + 1°C; pH = 7.2-7.5; Mayes

Hard = 40-50; static test

15°C i 1°C; pH = 7.2-7.5; Mayes’

Hard = 40-50; static test

26°C + 1°c;'bn = 7.2-7.5; Mayes
Hard = 40-50; static test

Static test; 20°C + 1°C; .Hayes

pH = 7.8-7.9-
as above
as abo§e ‘

Static test; 10°C

|

Static: test; 15°C; :
pH = 7.1; Hard = 44

as above
1986

and Oliver 1985

and Oliver .1985

and Oliver 1985

and Oliver 1985

and Oliver 1985°

and Dill 1984

Johnson and Finley 1980

Mayer and Ellersieck
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Table C-1. Continued

! ) Chemical or Exposure . :
Organism formulation time Effects? Comments . Reference
S~ ©
Amphipod as -above 96 h. LCgq = 27 mq-!.-1 Static test; 21°C; - Mayer and Ellersieéck
{Gamnmarus fasciatus) ' : . (20 to 37) Hard = 44; pH = 7.1. 1986 '
24 h LCgq = 50 mg-L"1 as above
(35 to 71)
Amphipod as above. 96 h iCgq = 16.5 mg-LTl Static: test; Mayer and Ellersieck
{Gammarus pseudolimnaeus) {(10.8 to 25.3) - 17°C; pH = 7.0 1986
as above 24 h 7 LCgq = 20‘mgi171 ‘as ‘above
(15 to 26) B
‘Cladoceran Asiabove ) 48 h . Eqso =76 mg-L'l Static test; 17°C ' Mayer and Ellersieck
(Daphnia magna) T : {59 to 97) Hard = 44; pH = 7.4 1986

(first instar)

Amphipod

(Gammarus lacustris)

Stonefly )
(Pteronarcys californica)
(Nymph) )

Cladoceran
(Daphnia magna)
Oyster

(Crassostrea virginica)

Pink shrimp
(Penaeus duorarum)

Picloram as acid

(903-100% ai)

Picloram as acid
{90%-100% ai)

Picloram as acid’
(93.8% ai)

K salt

»(21.5% ae)

K salt
(10% ae)

K salt
(21.5% ae)

K salt
(10% ae)

96 h

96 h

48 h

‘96 h

96 h

9 h

96 h

LCgq = 27 mg-L7L
(20 to 37)

| 1Cgq = 48 mg-Ll

(37 to 62)

. ._ ,_1'
. mso = 68.3 mg-L

(63.0 to 75.0)

LCsg = >18, <32 mg-L™t

| LCgg = >1000 ng-L~

LCgy = 125 mg-Lt
(114 to 138)
Static: test

LCgq = 1230 mg-L™!
(702 to 2140)

Hard 56

20°C + C; pH = 8.6&1 0.5;
Salinity = 23 g-L™*;
Static test )

20°C 4 1°C; pH = 8,0 4 0.5;

Salinity = 23 g-L 1;

. Static test

20°C + 1°C; pH = 7.2-8.1;
=1 .

Sanders 1969

Sanders and Cope 1968

Gersich et al. 1985

Hayésvand Oliver 1985

15°C 4 1°C; pH = 8.0 + 0.5; Mayes and Oliver

Salinity = 28 g-i71

1985

15°C ¢ 1°C; pH = 8.0 + 0.5;

Salinity = 28 g-r~1




Table C-1. Continued

Organism

Chemical or

formulation

- Exposure
time

Effectsz

Comments . Reference

‘piddler crab
(Uca gggilator)

ALGAE

'Green alga }
‘(Selenastrum capricornutum)

T

K salt
(21.5% ae)

K éaIt
(10% ae)

Tordon 22K

" 96 h

.

96 h

24 h

ICge = 1000 mg-L7l

LEgg

»1000 mg-L~1

ECeq = 115 mg-L~1

(86.1 to 153)

. 8°C ¢ 0.5°C;.pH = | Mayes .and Oliver 19551

8.0 + 0.5;

Salinity = 20 g-LL;
. Static test

8°C £ 0.5°C;. pH =

8.0 + 0.5; salinity =
20 g-L-l; : o
Static test

r

ECgq = 50% Turbak et al. 1986
decrease in oxygen : '
evolution in 24 h; 24°

8§
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Table D-1. Summary of Picloram Chronic Toxicity Data for Aquatic O:ganismsl

B

1

Chemical or Exposure .
Organism formulation time . Effects? Comments Reference
Lake trout Technical grade. 70 4 35 yg-L'l' reduced fry 35 yg-l:._l Woodward. 1976

(Salvelinus nainaycush)

Rainbow trout
(salmo gairdneri)
(10—d prehatch embryos)

Zebrafish -
(Brachydanio rerio)

Flagfish
(Jordanella floridae)

Rainbow trout
(Salmo gairdneri)

Cladocera
(Daphnia magna)

picloram as acid (10-d prehatch;
(90% ai) 60 d posthatch)

Picloram . . - 70 4
(93.8% ai)

Tordon 22K 10 d

(240 g-t ! as -

K salt)

Tordon 22K 10 d

(240 g-L71 ag
K salt)

Tordon 22 10 4
(240 g-L™
K salt)

Picloram as acid 21 4
(93.8% ai)

(60-d post day-to—
mean hatch)

survival and significantly

inhibited growth

Larval survival
significantly reduced
at 2.02 mg-L™"; length
and weight significantly

. reduced at 0.88 mg-L_l:

MATC estimated to be
0.70 mg-L~l; MOEL =
0.55 mg°L™

Threshold I’.Cso. =
-1

35.5 mg-L

(32.7 to 38.5)

LCgg = 12.3 mg-t™t

(9.84 to 15.4)

LCgg = 22.2 mg-L™!

MATC = 14.6 mg-L"l .

concentration not measured

in test container; extra-
plated from higher con—

centration in test series’

-11 ¢ 1°¢;

pH = 7.4-8.4;

‘Flow-through test at

3 L-h™

Flow-through test with
average 90% replacement
in 8.4 ‘h; 25°C; Hard =
350-375; pH = 8.0-8.3; no
definite acute threshold;
no mortality

Flow-through test with
average 90% replacement

" in 8.6 h; 25°C; Hard = -

350-375; pH = 8.0-8.3

Flow~through test with
average 90% replacement
in 5.6 h; 15°C; :
Hard = 350-375; :
pH = 8.0-8.3

20°C + 1°C; pH =
7.2-8.1; Hard = 156

Mayes et al. 1987

~Pogels: and ASprague 1977

Fogels and Sprague 1977

_ Fogels and Sprague 1977

Gersich et al. 1985

lpased on NRCC 1974 with additional data.
95% confidence limits in parantheses.

Hard

Note: MATC = maximuim acceptable toxicant concentration
= test water hardness as mg-L'l CaC04



Table D-1. Continued

Chemical or Exposufe : o .
Organism formulation time © Effects? - Comments : B Reference
Green alga ‘Tordon 22K 2-3 weeks  ECgg = 44.8 mg-Lt ECgq = 50% . Turbak et al. 1986
(Selenastrum . : {36.4 to 54.2) _ decrease in cell biomass : '
capricornutum) B o ‘ : ' S E
Green alga g - picloram as acid 10-14 d ECgqy = )160;»mg-n'1 Measured by microplate Barschers et al. 1988
(Chlorella pyrenoidosa) o . ) - ’ " assay; ECgg = 50% o
o j reduction in cell counts
Decarboxy picloram 10-14 d _ ECgg =8 mg-L
Green alga o Picloram as acid 10-14 4 o ECgq .= >160 mg.-l."l . ‘‘Measiired by‘m:i.‘croplaté. Barschers et al. 1988
(Chlorella vulgaris) . o ‘ ‘ . assay; ECgq = 50% :
o ) ‘ ' : o reduction 1in cell counts
Decarﬁoxy picloram 10-14 d . ECgqy = 49 mg-f."l

29






