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ABSTRACT

Progress »f various laboratory and field studies concerned wit!. submersed
aquetic weed problecs are covered, Hesults sumarized are considered ;re-
liminary and not conclusive and generally require furtner investigation,
laboratory culture of filamentous algae and algaecidal evaluation techniques
are described, including results of evaluation tests on corpounds. Results
of herbicidal evaluaticn tests of new nerbicidai compoundes and specification
perforvance tests of aromatic solvent herbicides and ermulsifiers are
reported., Repeated applications of aromatic solvent treatments on pondweeds
are shown to influence tre growth and production of pondweed vegetative
propagules, Tests on the influence of water quality on the herbicidal
effectiveness of aquatic herbicide acrolein have shown negligitlc effects

on pondweed response, Pondweeds grown and treated in both flowing and
standing water combinatione were studied from the standpoint of growth and
herbicidal response tc aromatic scivent treatments, Certain plants grown
and treated in flowing water exhibited reduced injury to pondweeds as
compared to that produced in standing water. muulsifying agents cormonly
used for dispersing aromatic solvent aquatic wecd xillers produce greater
emuision stability in hard water than in soft water, Water temperature

does not affect emu sion stability to any great extent, A pelletized
berbicide prepared by adding a herbicide to a vinyl resin sclution shows
prooise of having a longer period of effectiveness on sago pondweed than
unpelletized material in an aquatic soil treatment. Techniques for

on-site sarpling of soil-water in canal scils and subsequent cicroanalytical
analyses for oxygen content have been evaluated. Prelirinary results ~f

soil-water oxygen conient were obtained froc irrigation canal fieid study
sites,

DESCRIPTORS--#algae,; %aquatic weeds/ #dis,ersing agents/ »water quality/
wemulsion/ #aromatic solvent/ #temperature/ #herbicides/ soil treatment/
toxicity/ weed control/ cultures/ mecolagy/ dissolved oxygen/ #limnology/
biology/ aquatic life/ vinyl plastics/ irrigation O&M/ #chrenical analysis/
plant/ growth/ botany

IDENTIFIERS--algaecidal and herbicidal evaluation/ erulsion stability/
pelletized herbicides
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INTRODOCTION

Laboratory and field investigetions canducted on biological problems are
often widely diverse and deal wit! many types cf aquatic organisms found
in the aquatic environmental complex of irrigation distritution systens.
Many studies and tests are never carried beyond an exgloratory state
because of lack of potential indicated in rreliminary results. This
repart covers annual progress made on various types of these studies
conducted during 1563 as well es those investigations which are con-
sidered long tern and are not sufficiently complete for conclusive
interpretations.

Aquatic weed contrcl field investigations covered in this report are
conducted cooperatively with various Bureau regions,

Laborastory studies being repcrted are: algesecidal culture and evalua-
tion techniques; results of ;reiiminary evaluations of selected
algaecides and aquatic herbicides; aroratic solvents and emulsifiers
used to disperse these solvent herticides, effects of cantact herbicide
applications on ;ondweed projegule production; certaln exploratory
tests dealing with aquatic weed response to herlticides apjlied in
varying conditi-ns of water quality; comparison of jondweed herbicidal
injury produced in cozbinations of static and flowing water si{tustions;
influence of water hardness and temperature on the stabili‘y of erulsi:ns
produced by erulsifiers commonly used to disjerse arocatic sclventa; and
the evaluation of laboratory prepared aquatic herbicide jellete fr
aquatic weed contrnl through ecil trestment.

1/Investications >f the Research Division, Pureau of Reclagation,

U.S. Department of the Intericr, in cooperation with the Cropé Research
Division, Agricultural Research Service, U,S, JDepartment -f Agriculture,
Denver, Colorado.




Fiel¢ studies reported are those concerned with certain aspects of the
squatic environment. Specifically, these concern the laboratory and
field evaluation of & technique tc sample and determine the oxygen con-
tent of interstitial water found in aquatic socils, Fleld evaluatioks
of antifouling coetings for prevention of algse sttachment to canal
linings were contimued during the 1963 irrigstion season, These data
are being reported in a separste laboratory report.

SUBAMARY

A number of techniques for the laboretory culture of certain species of
fiiapentcus green algse have been evaluated. Thes2 included both altera-
tion of the aquatic nutrieni medium and physical enviromment, Culturing
the algee in en Inorganic nutrient soluticn under controlled temperature
conditions of 70° F and 150-200 ft=-c of cool-mhite fluoreacent light on

a lé-nour photoperiod was found to be mc 3t successful., These technigues
are being used for the routine labarsatory culture of filamentous green
algae species nmown to infest water of irrigatimn distrituticn systems,
These algae are used in laboratory studies of slgaecidal campound
evaluations and control measures,

Procedures have been developed for the rontine evealuetion of chemical
campounds that may be uselul in controlling or suppressin growith of
filamentous green algar species in and on irrigation etructures.
Techi:iques for performing the tests ere reported., The results of pre-
liminary evaluations on 30 compounds ere given, including chemicais
that are ¥norn to possess good algaecidai properties as well as new
campournds, 4 few of these newer cowmpounde show some potential for use
in contrelliry the filamentous green algae speciss tested.

Lahoratory teste on the plysical, chemical, and or biological charscter
of aromatic sclvent agustic herdicldes and emulsifying agents used to
disperse ihese materimls in lrrigatiun weier were conducted. The results
of .he ¢ Juations of 17 aromgtic solvent-type aquatic herbicides and

5 new emulsifiers are xoported, Meost of the solvent herbicides and 3 of
the emulsifiers tested weie ccusidered suitable for use in controlling
subpersed aquatic weeds in irrigation eystems,

A limited number of new herbticidal chemicels was eveluated for effective-
nesa in controlling rooted submersed aquatic weeds, A few of these
materiais showed same degrea of herbicidal activity on the pondweeds
tested, but were not considered as bdbeing pavticularly promising.

Studier on the effectr of repasted arcmatic solveni trestments on the

growth and production of pondweed vegetative propagules werc canducted,
Results of these tests indicated that thase contast herbiclde treatzents




significantly reduce the nurber and size >{ vegetative propaguies jro-
auced by the rooted aguatic weeds. Two successive ‘reatsents were
influential in causing continued reduced ;roducticn of the vegetative
rropagule potentiai of these piant pest:s, hut a third treatrent dic not
furtrer influence tie jroduction of pr~;a, ule nunbers,

Tests were made evaluatirng the infiuence of varying water quality on

tiie herblcidal effectivieness o. the aquatic herbicide acrolein on pondweed
species, Results srow that under laberatory test conditions differences
in water hsrdness and alkslinities had little influence on the
rhytotoxicity of the compound,

Rooted pondweed srecies wore cultured and treated under conditions of
toth flowing apd standing water in a greenhouse study to evaluate the
influence of water movement on the growth and herbicidal response of
these weed yplants to aromatic solvent treatments, Flowing water treat-
ments were performed in a model test canal fabricated to provide con-
tinucus flowing water, Results of preliminar; studies indicate that
rondweeds grown in flowing water are less susceptible to injury from
aromatic solvents than those grown in static water, Flants grown in
static water showed less injury when ireated in flowing water than tuose
treated in standing water. These data show possible importance of
reating pondweeds in a fiowing water situation in herbicidel evaluaticn
tests of aromatic sclvent compounds for specification : erformance tests
rior to field use,

A series of tests were conducted on four emulsifying egents in both soft
and hard water snd at four different water temperatures tu deterrmine the
effects of water terperaiure &nd hardness on emulsion stavility. Ir
general, the @milsifiers produced considerably more stable enulsions in
hard water, while the water temperature did not affect stability in most
cases. (ne emulsifier at the 2 percent level produced very good enulsion
stabliity in both soft and hard water and at all water tenperatures,

An investigation was initiated to determine the merits of pelletized
aquatic herbicide formulations prepared by mixing the herbicides into a
vinyl resin sclution for treatment of aguatic soils, In one series of
tests, the results indicated that the pelletized formulation increased
the period of herbicidal effectiveness, On the basis of these limited
data, furtner studies are underway to fully evaluate the potentials of
this resin for giving controlled release of the herbicide in aquatic
soils for a more efficient utilization of the phytotoxicant.

A technique for on-site sanpling of aquatic soil-water for subsequent
microanalysis determinations of dissolved oxygen content has been evalu-
ated and found to produce reliable results. Study of the soil-oxygen
content of aquatic soils and its possible relationshiy to rooted aquatic




weed growih has been suggested by findings made {rom the field study of
aquatic environments., A prelinrinary survey of interstitial oxygen in
canal soils was made in irrigation canals of California and Colorado.
Results of these tests indicate tnat soil oxygen is fairly high in the
first 3 inches of & submersed canal soil, Present data are toc prelimi-
nary to sho# the possible relationship between soil oxygen and pondweed
growths, A detailed cGescription of soil-water sampling techniques and
the microanalytical method for dissolved oxygen content are given in the
appendix of this report.

LABORATORY STUDIES

lsborastory Cuiture of Filamentous Green Algae for Use ia Algaecidal
Evaluations

Attached filamentous green aigae present serious operational problews

to water distribution zystems, Extensive growths of attached algae
filaments seriously reduce the capacity of concrete-lined canels and
other irrigation structures. Colonies of the filamentous algae also
create difficult problems in unlined irrigation canals by breaking lcose
from the attaching medium and clogging siphon tubes, fouling trash racks
and pump inlets, and increasing water {low resistance by being caught on
rooted submersed weeds. Because of the extensiveness of the algae prob-
lems on Bureau projects, a laboratory algeecidal evaluation program has
been initiated as part of the overall weed control research program,

Laboratory evaluation of potential algaecides requires a reasonably
uniform and continuing supply of plant material in which only a few
typical algae species sre represented, During the past year, emphesis
has been placed on improving laboratory cuiture technigues for growing

and maintaining these plants, Unlike the rooted vascular aquatic weeds,
which are adapted to a wide range of growth conditions, many filamentous
green algae species are quite spscific in their envirommental requirements.
In general, filamentous green algae derive most of their required
nutrients from inorganic sources, but laboratory experience has shown that
some species apparently require either very specific physical environments
or respond to some heterctrophic condition occurring in the environment,

The essiest approach to culture of fllamentuus algae is to merely use the
soil-water culture medium, such as using algae growing in association with
higher equatic plants in greenhouse culture aquaria, A refinement of this
technique is described by Pringsheim (1).* This source of filamentous

#Numbers in parentheses refer to literature cited at the end of the
report.




green algae nas been used occasionally in the labouratory, but found to

be lacking in reliability for algaecidal evaluation purposes, Algaecidal
test results are seldom reproducible when these cultures were used, The
conplication of multiple algae type associations makes interpretation of
injury difficult.

To improve the quality of algae culture in the laboratory, a number of
nutrient solutions and culture tectiniques were evaluated, Unfortunately
most of tune successful laboratory culture of algae described in the 1it-
erature has been with elther unicellular green or blue-green forms,
Seldom are the filamentous green species referred to in investigaiions
of algae, This may well be due to the difficulty in handling the masses
of intertwined filamentous structures and possibly a complete lack of
gsuccess in growing these filamentous algae under synthetic ceonditions,

A number of culture solutions and diff-ring environments have been
evaluated, Algae species used in these tests are those filamentous
green types known to commonly exist in irrigation canals, including
species that attach to solid substrate in flowing water. These cultures
occasionally contain a few unicellular green and blue-green types as well
as some filamentous blue greens, The difficulty ana time required in
producing and maintaining aseptic cultures do not appear warrsnted for
these algaecidal evaluation tests, A mixture of species in these
laboratory cultures would be more comparable to the complex algae species
associations generally found in natural situations., The algae species
used in these tests were primarily Oedogonium spp., Rhizoclonium spp.,
Cladophora spp., and occasionally Spirogyra spp. in mixed association
with e limited representation of numerous other algal types, such as
unidentified diatoms, Qscillatoria spp., Anabena spr., and Hydrodictyon
8Pp.

One of tre initial culture solutions used was that described by

Krauss (2), whict is a modification of Meyers nutrient solution utilized
for the culture of Chlorella, Filamentous green algae grown in tlis
nutrient medium exhibited considerable variability in rate of growth

and periods of survival,

Prysical conditions of the culture environment were altered a number of
ways in attempts to improve the growth rates when using the modified
Meyers nutrient solution, This included laboratory aubient temperatures
ranging from 70° to 90° F, as well as constant temperatures of 60° and
70° F in a growth chamber, Cool-white fluorescent illumination was
varied frow approximately 50 ft-c to 700 ft-c on a lé-hour photoperiod.
Aeration of the culture solutions was attempted using low volumes of
compressed air, bubbled through the water contained in l-quart or
l-gallon glass culture vessels, Pure compressed carbon dioxide was also
metered into the culture solutions in certain tests, The evaiuation of




success of a culture envircnment was generally limited to empirical
observation of growth rate a.d longevity of a healthy green culture,

Observations of results indicated that constant temperatures of 70° F
under spproximately 100 ft-c of cool-white fluorescent illuminstion for
@ 16-hour photoperiod produced cptimm conditions. Bubbling of air or
002 intc the culture vesscl appeared to do little to improve culture
growth, A considerable decline in solution pH was observed when using

(1)3 producing pH values ranging from 5.8 to 6.2, When CO, was added

ernittently, the pH was lowered to 4.9, Carbon dioxide was metered
into the solutions at the rate of about 5.4 liters per hour. Gummert
et al (3) reported the use of & l-percent COo-eir mixture at the rate of
ebout 550 liters per hour in mass algee culture vessels, At this rate
the COp-eir mixture would apply cardbon dioxide at a rate ccaparable to
that introduced in the above tesis. Various other authors report that
a 5-percent mixture of CO, and air are optimum and that toxic symptoms
have been observed when pure CO, is introduced directly into the
nutrient solution, These COp,-air mixtures have not been evaluated to
date in Denver laboratory tests,

Successful algse cultures sppear to proceed into a log phase of growth
soon after being placed in nutrient solutione. Considerable variability
between cultures has been observed, suggesting the possible need for
additional chemical or organic complexes that might occur in natural
situations., Cultures normally developed within about 3 to 6 weeks tn
£111 the top one-third of a culture vessel and then growth rates subside,

Machlis (4) reported that certain Qedogoniym species could be cultured
pore efficiently by the addition of vitamin Bl2 & .d possibly an uninown
growth factor obtained from a water extraction of autoclaved topsoil,
Various nutrient solutions were used by Machlis in this paper. A pre-
liminary evaluation of Machlis' t.chniques was tried using the modified
Meyer nutrient solution described earlier. The suggested growth factor
was prepared by autoclaving approximately .,000 grams of locally
available topooil covered with 1,500 ml of distilled water for 15 min-
utes at 121° C and 15 pounds preuuro. The extract was then decanted
and filtered through a bacteriological filter., Culture containers were
12-liter plastic baskets incculated with a laboratory culture of

. Very little improvement in the cultures was observed by
the additicn of the soil extract., Probably the soil that was used by
Machlis contained some compound or micro-organism that did not occur in
the 80il used in our tests. Cultures grown in soluticns containing
vitamin Bl2 did produce slight improvements in growth rates.

The most successful nutriert solution that has been evaluated for the

culture of Qedogonium spp., Bhisoclonium spp., Cledophors spp. and
Brdrodictyon spp. honcnudhwtbous Public Health Service at the




Taft Engineering Center, Cincinnaiti, Qhio (5). This is & modification of
Chu's No. 10 nutrient medium. The formulation of this solution is given
in Table 1.

Iable 1
NUTRIENT SOLUTION USED FOR LABORATORY CULTURE

: Gramaisoo ml water

Chemical : for stock solutiaons
Ca(NO3)»+4H,0 2.9

G2 0:5
MgS0,, «7Ho0 : 1,25
Nax(C : 1.00
Na25103+5H20 : 2,20
Ferric citrate : 0.175%
Citric acid 0,175»

#Made up as aone solution and refrigerated when
stored,

Nutrient solutions for algae culturing are made by using 10 ml of each
stock solution, made up to 1 liter in laboratory tapwater, The pH of
these solutions ranges from 9 to 10, A constant pH of 8 can be maintained
by the use of the buffer Tris (lydroxymethyl) aminomethane (pH 7-9) at the
rate of 1 gm/liter of nutrient solution.

Laboratory tests were established to evaluate this nutrient solution
under various environmental conditions, pH ranges, and with various
additives., The soil extract additive was prepared and added at the

same concentrations as previously discussed, Vitamin Bl2 was included
in certain combinations at the rate of 1 part per billion (ppbd) v/v
with the nutrient solution, The lower pH values were obtained by adding
0,956 gms of KoHPQ, and 0.530 gme of KHoPQ; to each liter of nutrient
solution, Results of tiese tests are given in Table 2,

Ccltures grown in the nutrient solutions with lower pH values from 7.5

to 7.8 did not develop well and in some instances toxicity was indicated.
A solution pH of 9.5 sppeared to be optimum for these species under test
conditions used. There did not appear to te a great difference between
cultures grown in constant temperature of 70° F and the one with tempera-
tures ranging fram 68° to 82° F, However, these cultures were maintained
for a few weeks after the observation date and ambient temperatures
exceeded 85° F, At this time, all cultures exhibited rapid declinc in
vigor. The addition of soil extract growth factor end vitamin Bl2 did




Iable 2

RESULTS OF CULTURING Qedogonium spp. IN MODIFIED CHU NO. 10 INORGANIC NUTRIENT
SOLUTION WITH VITAMIN Bl2 AND SOIL EXTRACT ADDITIVES UNDER
VARIOUS CONDITIONS OF TEMPERATURE AND pH RANGES

fBs2li9l&s9LjtﬂEL_JII9s____l:9!!£&_legs_SEQJaEELJﬂaggsl.f
: Culture : Ft-c of :
: pPH of :temperature,:cool-white : Condition of algae
Culture solution : culture: °F :fluorescent: cultures at the end

:solution:and aquaria : 16-hr : of a 3-week period
: s Jdocation :photoperjod:

Inorganic nutrient solu~: 9.5 :68-82', : 150-250 :Culture densely

tion in tepwater : : grown on : : green, continued
: laboratory: : filament growth
bench : :

Inorganic nutrient solu-:9.3-9.5 :68-82°, : 150-250 :Culture densely
tion and soil extract : : grown on : : green, continued
in tapxater : : laboratory: : filament growth

: ¢ bench :

Inorganic nutrient s0lu~-:9.3-9.5 ;68-82’, : 150-250 :Culture densely

tion, soil extract, : : grown on : : green, continued
and 1 ppb v/v of : : laboratory: : filament growth
vitemin Bl2 in : : bench : :

tapwater : :

Inorganic nutrient solu-: 9,5 :68-82°, : 150-250 :Culture densely
tion and 1 ppb v/v of : grown on : : green, extensive
vitamin Bl2 in : : laborstory: : amount of filament
tapwater : : bench : : growth

Inorganic nutrient solu-: 9.5 :70°, con- : 150-250 :Culture densely
tion in tapwater : ¢ tinuous in: : green, continued

: : controlled: : filament growth
: growth :
chamber

Inorganic nutrient solu-:9.3-9.5 :70°, eon- : 150-250 :Culture densely
tion and soil extract : : *inuocue in: : green, continued
in tapwater : : controlled: : filement growth

. . grovt.h . .

; chapber




Table 2-~Continued

Culture solution

¢ pH of
: culture:

Culture

L]
F
solution and squatria :

Inorganic nutrient solu-;9.3-9.5 :70', con-

tion, soil extract,
and 1 pob v/v of
vitamin B12 in
tapwater

Inorganic nutrient solu-.
tion and 1 ppb v/v of

vitamin B12

Inorganic nutrient solu-:

tion in tapwater

Inorganic nutrient solu-;7 7=7,8
tior and soil extract :

in tapwater

Inorganic nutrient solu-:7,7-7.8

tion, soil extract,
and 1 ppb v/v of
vitamin B12 in
tapwater

Inorganic nutrient solu-:
tion and 1 ppdb v/v of :

vitamin Bl2 in
tapwater

tinuous

in con-

trolled

growth

chamber

9.5 :70°, con- :

tinuous in:

controlled:
growth
chamber

:03-82°,

: grown on
laboratory:
bench :

7.6

:68-82°,
grown on :
laboratory:
bench

:68-82°,
grown un
laboratory:
bencl. :

7.5  :68-82°,
: grown an
laboratory:

bench

Ft-c of

:temperature, : cool-white :

Condition of algae

:fluorescent: cultures at the end
: of a 3-week period

16-hr

location :photoperiod;

150-250

150-250

200-300

200-300

200-300

200~300

:Culture densely

green, limited
amount of f1lament
growth

:Culture densely

green, limited
amount of filament
growth

:Culture showing con-

siderable cluorosis
and filaments
disintegrating

:Culture green, very

limited filament
growth

:Culture green, mod-

erate amount of
filament growt!.

:Culture showing

.
-

chlorosis and
filaments
disintegrating




in certain instances slightly improve the growth of the filaments, but
not sufficiently greater to warrant routine use of these additives to
the inorganic nutrient medium,

Recently tests were made by culturing the previously mentioned algae
in the modified Chu mutrient solution at constant temperature of €0° F.
These cultures all remained healthy and densely green, but filament
growth was very slow,

Results of these studies indicate that the filamentous green algae
species tested grew best in the modified Chu Ne. 10 nutrient solution
made up in tepweter and placed in an environment of 150 to 200 ft-c of
cool-white fluorescent light at 70° to 80° F. These conditions have
been selected for routine culture of algae for algaecidal evaluation,
Experience haz shown that healthy cultures can be maintained up to

4 months in the initial nutrient solution by occasional addition of
20 ml of calcium nitrate stock solution to the l-gallon glass culture
vessel, after which time the nutrient solution must be re—laced,

Further investigation will be continued in an attempt to improve the rate
of algae cell division, Occisionally a culture will suddenly decline and
die, Also, considerable variability has been noted in the rate at which
various cultures develop and the total time they remain in the log-growth
phase, Reasons for these differences are not known, but assumed to be
associated with genotype and/or phenotype plant specimens or changes in
availability and uptake of nutrients, either inorganic or organic.

A rather unique method for culture of attached filamentous green algae
was suggested from investigations of Whitford and Schumacher (6)
regarding current effect on the mineral uptake of Qedogonium.

To evaluate the potential of laboratory culture of certain filamentous
green algas kmown to attach to solid substrates, a small model recircu-
lating system was devised. A 20-liter plastic container was fixed with
an outlet tube at the bottam, This served as a reservoir for the modi-~
fied Chu No. 10 nutrient sclution, A mmell, 0.75-gpm pump was ssranged
to recirculate nutrient solution from the reurvoir through a shallow
plastic chamnel 2-1/2 feet long and 2 inches in width., Flow volume
averaged 2.7 liters per minute with a free flow surface velocity of 5 e
per second, This small channel was arranged to receive 100 ft-¢ of cool-
white illumination and astient temperatures of 66° to 70° F. The
nutrient stock was inoculated with filaments of a laboratory grown .ul-
ture of Rhigoclonium spp. In the initial tests, water temperatures
increased to above 85° F under continuous oporation. During this period,
e heavy growth of filamentous blue-green algas developed on the channel
and in th. rucmir To maintain culture solution temperatures nearer
to a 65° to 70° F range, a stainless steel coil was immersed in the




reservoir and cold tapwater recirculated throughl it. This waintained a
temperature of 64° F, A few days after replacement of the nutrient
solution and reinoculation with Rhizoclonium filaments, a very dense
growth of attached algae developed in tie channel., This growth was
maintained for approximately 8 weekes. ‘'.rumally in stending water culture,
Rhizoclonium has not been observed to ‘evelop holdfast cells and attach
to solid substrates.

This technique certainly appears promising for laboratory culture of
attached filamentous green algae srecimens for amall-scale studiec,
This test apparently demonstrated that development of Rhizoclonium
holdfast cells and rather rapid filament development can be enhanced by
flowing water., Future investigations on growing attached filamentous
green algae far specific algaecidal study purposes appear justified

and will be conducted as time permits.

Algaecid uation Techniques Presen Used and Results of Some
Lypical Algaecidal Tests

A few techniques for evaluating algaecides have been reported and were
reviewed (7) (8) (9). Only a very limited anount of the techniques
described appeared to be directly adaptable for use in evaluating com=~
rounds on filamentous green algae, Although all of tiese methods are
basically standing water beaker tests, considerable : :ification of the
described techniques have been found necessary.

The presently used procedure for evaluating the potential activity of a
candidate algaecide consists of treating a snmall cass of .edogoniym or
Rnizocloniup filaments in a standing water test. This tass >f slgal
filaments is estimated by volume to equal 0.5 to 1.0 graz fresh welight,
A number of weighings were nade to deteruine ti.e relative freah weight
of filaments selected for a given treatment, These estimated ar-unts
were found to correspond to tinis weight range. In routine el secidal
evalustion, algae sarple sizes sare estimated.

Algae cultures used in evaluation tests are ladoratory grown in an
inorganic nuirient solution uncer temperature regimes of 60° to 70° F

and 150 to 200 ft-¢ -0 cool-mhite fluorescent illumination. Algae
cultures are usually mixed species of Qedogonium or Rhizocloniup growing
in association with occasional unicellular green specimens and f1ilamentous
blue-green algae.

Aqueous solutions of the algeecidal compounds are pede up in concentra-
tions of 10, 5, 1, 0.5, G.25, 0.1, and 0.05 parts per million (yp&) of
active ingredient in initial tests. Subsequent tests often include the
range of treatment concentrations, dbut with reduced nucdber of individual
test concentrations,




Algal filaments taken fram the culture medium are exposed to the algae-
cidal concentrations for a period of 60 minutes, then removed and rinsed
in running tapwater for three cycles of container filiing and draining.
The treated algae specimens are then held in tapwater-filled quart jars
for observation and injury rating. Treatment solution, rinse water and
holding water temperatures are all held to a tolerance of 70° to 75° F.
During periods in the summer manths when tapwater chlorination is high,
it was found necessary to limit the direct use of running tapwater.
Rinse water during these periods is dechlorinated by agitation and
followed bty a period of standing in an open container for 2 to 4 hours.

Transfer of algae specimens from an inorganic nutrient medium to tapwater
might be considered objectionable and cause toxicity or decline sywptoms.
This factor was considered ancd has been evaluated on mumerous occasions,
Generally there have been no noticeable differences exhibited in these
tests. In all cases of algaec!dal campound evaluation, an untreated
check specimen is exposed to all treatment conditions and held for
observation. The numerical injury rating or decline observation
exhidited by check specimens is deducted from that exhibited on treated

algae.

The relative size of tbhe plant sample to be treated in relation to the
treatment solution volume has been reported to have an influence on the
smount of injury (10). The influence of plant sample sige in the 500-ml
treatoent solution hev been evaluated and results observed an occasions
when plant sample siges were not closely determined. Some differences
were noted when excessive arounts of algee were treated. Consequently
the plant sample sisze is regulated, as previously indicated.

Because of the variedility in plant material cultured in the manner
previously described, a number of genotypical and/or phenotypical varia-
tions can occur. Theee diffc¢ ‘nces may a. ar the response of algae
specimens to & treatasnt. To overcame this potential hasard in tbe
rating of a mmber of algeecides, a standard treatment i{s ueed in all
evaluation tests of unknoen cospounds. Copper sulfate is utilised as a
standard algaecide for injury comparisons of a treatzent series. Any
ane evaluation test showing excessively high or low activity on the
algse treated with standard oopper sulfate concertrstions is considered
atypical, and the results of unknown compound. ere not considered repre-
sentative and cannot b~ compared with other materials. Tests giving
these results are repested using a different source of algae.

At present an observatical injury rating systes besed oo a O to 10 scale
is used t0 evaluate a canlidate campound., While this reting system has
some recognised limitations, {t has beem found to be suitable for the

present algeescidal evaluation progres.




Wren unicellular algal suspensiuns are utilized in cremical prytoxic.'y
studies, tie changes in growtt and survival of cells is often ‘eteru...d
by cuanges in optical deneit, of t. e cells in tre culture mediun, [i*sct
filamentoue green algae would not be adaptable to ortical densit;
determinations as a criteria f colony size witiout separaticn of indi-
vidual cells from tie filamentous colony. Seraration of t:e individual
one-celled plants from treir position in a filanen. would probabl;, pro-
duce an atypical response to algaecidal cuemicals, Tris type of evalua-
tion would be test suited to determining growt: su.pression data on
Flants treated. A nore desirable algaecide for flowing water is one thLat
is rapid!; asbsorbed and will cause rapid deat:. ot tie plant cells,

Growtn supjression evaluation would be important to some aspects f &lgae
control in irr.gation s;stens w:ere tre toxicant is arrlied to & solid
substrate as an attaciwent in:nibitor,

Anotrer srproacr. for evaluating algaecidal iniury consisted »>f a crloro-
Fryli extraction of treated algae., A standasu acetone extraction was
used (11, to produce t. e crlorspiyll solution. Crlorophyll (a and b)
concentrations of tie extract were deterrined puotometrically using a
red tube on the spectropli.otoreter and peak transc.ittance deternined at
wave lengtrs of 658 and 642.95 millimicrons, Cormparative c:.loropiyll
solutions were nade by acetone extractions of untreated Jedogoniun
filaments, Et:er dilutions were nade up froo t:ese extractions and &
standard curve develored froc tre varying degree Of transcittance by
changes in crhlorop:yll concentration, Treated plant extractions were
conpared to t:is standard curve in an attempt te correlate degree of
injury with cianges in ciloropiyll content,

Results >f this study indicated very little correlation tetween extracted
cidoropryll density arxd observations of injur, and subsequent survival,

A number of variables contributed to t:e wide differences exjerienced,
First and foremost was in establisting « standard c:loropiyll content of
tre algae s;ecies on a basis of nilligrams of ci_sroviyll jer gracs dry
weiglt of plant cells, Extractions of variocus sam ies si.owed diiferences
t.at made it difficult to establis: ary comparative standard, ‘oce
difficulty was also exjerienced in maxing sure of complete ciloropiypll
extract ' of the srall plant sarpies used. Anotier critical condition
for tie extractions of trested algae would be the holding jeriod follow-
ing treatment, A siow acting or jpossitl; a systeric aigaecide nignt not
produce effects on clloropryll content as rapidly as contact tyje
aigaecides, Any uniforu time of crnlorop!yli extraction miyit indicate
hign ctdorophyli content and iimited injury of a cowpound, while in
reality it cay be a slow acting compound jroducing caximup injury.

certain cther approacres to establishing a reiisble neasurecent of cherical
injury to algae nave been evaluated with only lirited success resu.ting.
One obvious tecanique is to determine possible differences in dry weigit

of severely injured and untrested algse. Little correlation aj;earec




beteeen degree of injury and changes in dry weight over the 2-~week
observation period,

Although the observational rating system at preseni appears tc be the
most reliable method of determining injury to treated algee, it has
limitetions. Pr.obably the most critical question is whether or not one
is still rating the same algal cells that were treated, because of the
rapid cell division that can take place in these type plants, This
would be especlaily true when lower injury values of 5 or less are
observed and when limited growth inhibition is exhibited. The present
feeling is that compounds that produce less than near total kill
(injury ratin,s of 8-10) would not be considered as being particularly
promising and would probably be rejected as an algaecide for use in
water conveyance systems,

Results of Algaecidal Fvaluation Tests on Sclected Compounds

A number of compounds have been preliminarily tested using the most
suitable culture and evaluation techniques described in this report.
Injury is based on the 0 to 10 scale, described as follows: C = no
injury; 1, 2, 3 = sli_at injury, as evidenced by some bleaching;

4, 5, 6 = moderate injury, some cell division; 7, 8, 9 = severe injury;
10 = complete kill of initial culture, The results of these tests are
listed in Table 3.

The mean activity ratings given in Table 3 were obtained by determining
the average injury rating obtained at all chemical concentrations over
the 2-week observation period., This average activity rating provides
same index for comparing chemicals.

A number of the more promising compounds were ranked according to highest
nean activity ratings and are listed accordingly in Teble 4. Statistical
analysis for significance in ranking would not be jurtified because these
are preliminary tests and the data are useful mainly in o2liminating
compounds that show limited activity,

Emilsified aromatic solvent was includea in these tests to determine the
minimum lethal concentrations on typical filamentous green algae species.
This equatic herbicide has on occasions Leen used as an algaecide in
irrigation distribution systems.




e

e

ae

or

se

.

se o

2PTIOTYO IMUOmIS

1&izuaq TAUYswIp TAURe

Axoyya Axouayd

as su

s va

“e s

se es

ts oo

ae o

e we

s o>

s ee

€1

L%

229
16g
297

-
.

»0

Y]

nqosI~1g

s

-
.

8181909 ( SUTWS UTSOY:
aucuinboudsu
‘1 cxoTyoIp ‘€2

[o AN S ]

e s e

o

“s se s

as e e

e 2o ee
e ae e
*s ss oo

A\

or s av

se 4o o

e o e

F LA W)
L] L ]
0w

auotrtnboiirdeu
%11 0JOT 0= {=OUL W=7

L

.

.

°n

.

..

ae

569

..

.

e

ae

143]

-
.
-
.
-
.

SpTUBLITIXD]

(mmiTozZepIUTZUIQTAUIYd~2
- TAq3au-¢-TA02pOp~T) =-STal

se so v

®e we o5 ss

se a2 e

se ea e

0

s s be

es sa oo

(W)

e a2 se

e s as

£°1

-
-
-
.
.
>

SPIUBADTIIBT
(‘'mytozepTuIZUaq

~ T Ruayd=g=Ay398= - £23pop

.
.
-
.

9

2 oe we

*s e o

Te e ee

s sv e

se o as

“r ea «»

s 0e ae

£°T

: 968

-81I7 JO 179Y IUTWOIE

818U0CS.IBAUBLST X3ATIS
ajsuosaesun13an gaddop

A
/

-1

.o

(X3

ve

.

oo

ve

N =2
=g 2

I9%1T1ANTOS

YITR OPTIOTUD UIITAINQTLL

se se e

0t

45 s sa e

0
K4
o1

ot

oT:

0 32 40 e

22 es 6y se

“r 69 s e

e se 80 e

® W
. L L]
WO

a)

£6L —

.
-
-
.

J2ZTTTGNTOS Y3Ta

apixo (uy3TAINg-u~1I3) 8IQ

.
-
-

s e

g8L

5181310

amipos ‘ayeyns Jaddop

SINYXYT

\R

se e

es e

e vs

e oo

ee o2

¢°0

as et

s e

. oo

0°T

414
IRe

ggg3gy
‘0'8 30
*c’c»wo%

mmgw
Lo B | am’g
52 TE B
RS ae
~ O ek
P RO

ddb’g~
mwfg o
Heo
5% 3
3B

]

ct P

[}

33

e

o]

Q
O\ASO\I‘\C
~

COMNMOON

€6 s se o4 s+ e

QOrOONn

ot:
6°6 : C°

e sw Be se a0

-
.

T°6

re e 02 e

0
G
L
0
0
2679

.
.
.
.
-
.
.
.

0
0
S
0
G
8y

.
.
-
.
.
.
.
.
.
.
.

vs es 6s ev o9 s»

QOWVMOME\W
¢« e e e @
W

8®W "OUOD ‘a;a;%ns Jaddn):

*n

.o

*ON

£I018I0Q¢]

punodmoo

TepPTI2383TY

oY 0% ¢

[4f¢)
FEET SR

 rs—

T0 60
U7 [9010a40

s0°0

™'Y 0°% ¢

‘6 0

TNI0A ¢

7T 0

-T°0

600

/T3uyiex

£13IAT308 TRy

<
.

SAT1I08 JO W

JUS1pad
JO UOT38I3Ua0UCD uaAld ® 18 paureqo sdurlrsx Lanfur ATAs=M

e

TSI

TR

T
[e 1V ¥}

4!

ANNOJN0D TIILOATAS 40 NOILVATVAX

“Jds TRIOCTO0ZI0Y IVDTV KZTUD SNOLNTAVILL FHL 40

SEUNLTNS @XIN NO XLTAILOV TVAIDIVOIV H04 S

“dds UNTUON0DPe0 4O /AN

oTqe




Table 3--Continued

Laboratory :

Weekly injury ratings obtained at a mucmb concentration of

Mean activity

Algaecidal
No. compound :
757 :1:1'=etiylernc=2:2'-dipyrid- :
ylium ditromide caticn : 8
758 1,1'-dimethyl~4,4'~dipyrid- :
yliun cation : 6
858 :Monocottanseed trimethy.
Quaternary ammonium :
cilloride 7
859 :Monocottonseed and dizoyeo
¢ Quaternary ammonium :
: chlorides : 5
860 :Monotallow and dicoco :
Quaternary amaonium :
— chiorides : O
o 861 :Monolauryl trimethyl :
: Quaternary ammonium :
chloride : O
820 :3-p=chlorophenyl 1,1 :
dimethylurea : 1
818 :Sodiur cis«3-chloro-acrylate: 2
— :Sodium methyl dithiocarba-~
: mate : 3
849 14 -amino=3,5,6~trichloro :
: picolinic acid : 0
825 :Coco diamine v 7
816 :Acrolein acrylaidehyde s 9
: :150
: :ppm
: Industrial grade xylene
: dispersed with 2% :
: emilsifier : 10

c5 1 :1 1 :1 10 :7 :3
6 -6 11 11 :1 9 :8 : 8
2 41 :0 :0 :0 :7 :1 :1
.0 0 :0 :0 :0 :0 :0 :0
0 :0 :G :0 :0 :0 :0 :0
0 0 :0 :0 :0 :1 :1 :1
0 Q0 :0 :0 :0 :1 :1 :0
12 +1 1 :1 1 : 1 :1 :0
1 :0 :0 :0 :0 :3 :1 :0
:0 :+0 :0 :0 :0 :0 :0 :0
: 2 1 1 :1 : 1 + 9 12 1
: 8 4 2 : 1 1 10 : 7 : 5
+100 : 8 : 50 : 10 : 1 2150 :100 : 80
‘PR PPR {PPU PR :PPE 1PPB IPPR ‘PP

mom» S0 :0 :10 :5 :3

: 3

Vi = O @) (ol o] (o

0
:ppm

:  ratingl/

3 : 1 : 3.7
: 3 : 3 : 4.8
P11 : 1.8
:0 : 0 : 0.4
0 0 : 0

: 1 1 S 0.5
0 : 0 : 0.3
: 0 ¢ 0 : 0.8
:0 : 0 : 0.7
:0 : 0 : 0

: 1 1 : 2.3
t 1 1 : PN A
:10: 1 :

‘PPE : PpPm :

0 : 0 :

1/Mean ectivity rating for a given compound is the

observation periocd.
2/Injury for copper sulfate is means of eight separate evaluation tests,

-

n<anwmm of combined injury ratings at all

ooboabﬁ..agu over the 2-week




Table 4

COMPARISON OF COMPOUNDS EXHIBITING [[IGHEST ALGAECIDAL ACTIVITY
ON TH" FILAMENTOUS GREEN ALGAE Rhizoclonium AND Qedogomium

Laboratory: :Mean activitf
No. ryi Algaecidel cowpound :rating number

751  :Tributyltin chloride :
701  :Silver methanearsonate :
753 :Bis (tri-n-butyltin) oxide :
- :Copper sulfate

- :Sodium hypochlorite

391 :Rosin awmine D acetate

758  :1,1'-dimethyl-4,4'-dipyridylium cation

816 Acroleiﬁ

757 l 1'=ethylene-2:2'-dipyridylium dibromide cation

WM OO
*
NSO BWIOVWO

Most of the more active compounds listed in Table 4 have been used success-
fully in some form as elgaecides, Copper sulfate, of course, is used
extensively because of cost, ease of application and relatively low fish
and other animal toxicity., Some of the other compounds do exhibit suffi-
cient activity to warrant further investigation for special applications,
such as additives to antifouling coatings on cancrete canal linings, O(ne
of these compounds (Number 753) is presently under test as the active
ingredient in an antifouling paint.

A potential 1ist of chemicals that might possess algaecidal activity
would be extensive and only a few have been included in the present tests,
The results of the compounds tested to date do, however, indicate the
usefulness of the presently used algae culture and algaecidal evaluation
procedures,

Jaboratory Eval. ‘ion of BEmulsifiers Used to Disperee * “‘1c Solvent
Am&.t__ﬁg::b_i_gides

Erulsifier manufacturers continually develop new and improvea emulsifiers
for agricultural pesticide chemicals., Many of these materials are sub-
mitted to the Denver laboratory for evaluation of suitability for use in
dispersing aromatic-solvent aquatic herbicides for pondweed control. A
number of these compounds are scrutinized and tested annually in the
laboratory. Materials perforning well in laboratory tests are suggested
for further testing in the fieid by Bureeu project offices, Development
of suitable laboratory tests and evaluation of new materials have aided
in developing the use of more efficient emulsifiers, This has resulted
in better aquatic weed control with a considerable reduction in cost of
emulsifiers by allowing for a significant reduction in percent emusifier
required to adequately disperse the solvent herbicide in irrigation water.
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The laboratory test method used to evaluate emulsifiers is that developed
in the Denver laboratory and described in Chemical Fngineering Laboratory
Repo~t No. W=1 (12).

Results of the five selected emulsifiers tested in the laboratory during
the past year are listed in Table 5., The suitability of the emulsifiers
to disperse solvent herbicides 1s based on the premise of the stability
of the scil-water emulsion produced. The index of this stability is
based on the amount of cream layer and/or oil that separates from the
water medium during & given period of standing., These oil-cream separa-
tions are indicated in the test results of Teble 5 and relate the
potential usefulness of the emulsifying campound.

Table 5
RESULTS OF LABG%ATORY EVALUATION OF EMIISIFIERS PROPOSED FCR USE
Labo- :Percemt :___ Mean results oftwo teat rgglica;ions :Suitability
ratory:emulsifier: Divisions of cream and oil separation :rating at a
Seample:by volume : er standing for 1, 2, and 4 hours :  glven
No. : with : lh : 2 hours : 4 hours :emulsifier

M%mmmum

850

851

852

863

869

: 1,0 : 5.0 0 5.5 o :17,5 : 1,0 Poor

: 1.5 : 1.5 0 2.5 0 : 3.5 : Trace :Good

¢ 2,0 : Trace : O 1 0 : 1,5 : Trace :Excellent
¢ 1,0 : 7.0 : 8,0 3.0 11,0: 2.0 : 13,0 :Poor

: 1.5 : 4.0 : 12,0 : 4.0 11.0: 8,5 : 1;4.5 :Poor

: 2.0 : 160 : 7.0 : 14,5 3,5 : 10.5 13.0 :Poor

¢ 1.0 : 27,0 1.5 : 27.5 1.5 : 27.5 2.0 :Poor

: 1.5 : 23.C 2.0 : 22,0 3.5 : 20.0 5,5 :Poor

i 2.0 : 260 0 : 28.5 0 : 28.0 1.0 :Poor

: 1.0 : 2.0 o : 3,0 0O : 3.5 : 1 : Good

s 1.5 : Trace : o : 1 o : 1 : Trace :Excellent
: 2.0 : 0 : 0 : Trace 0 : Trace 0 :Excellent
: 1.0 : 50 : 1,0 : 9,0 1.5 : 14 2,0 :Fair

: 1.5 : Trace : O 2.0 : 0 : 4.0 0 : Good

¢ 2.0 Not tested at this concentration :

[ . L .
- ) (3 .l L 0 1 3 -l

Pmulsifying compounds 850, 863, and 869 would be considered suitable for
dispersing aromatic solvent aquatic herbicides. Buulsifier Nc. 863
should produce good results down tc the 1 percent level, The other two
would be questionable when used below the 1.5 percent level,
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Evaluation of Aromatic Solvents for Use By Bureau of Reclamation
Projectis and Cooperating Irrigation Districts

Samples, of xylene and aromatic solvents wore received for testing for
suitability as aquatic herbicides pursus' . to requests from regional

and project offices. Trese sanples werc analyzed for conformance to
prysical and chemical reguirements and tested for herbicidal activity

on tlree species of submersed aquatic weeds, These tests were performed
for the purpose of obtaining data useful to regional and project offices
in selecting suitable aquatic nerbicides, and provide information useful
for further development and improvement of specifications and requirewn-nts
for tuis type of aquatic Lerbicide,

The samples were tested for confcrmance to pnysical and crenical require-
ments listed in tie tentative specifications included in Chemical
Engineering Laboratory Report No. SI-17(13). Ti.e results of the test

for aromaticity of samrles are tabulated in Table 6.

Table &

ANALYSES OF ARQMATIC SOLVENTS AND XYLENE SAMPLES

FOR HYDROCARBON TYPES BY ASTM: DESIGNATION 1319
Laboratory: Hydrocarbon type (percent by volume)

Sample No,: Saturates : Olefins : Aromitics

831 4.1 0 95.9
832 1.2 0 98.8
833 0.2 0 9.8
834 4.2 0 95.8
835 9.7 0 90.3
836 0.2 0 99.8
837 8.9 0 91.1
838 4.0 0 86.0
839 0.7 0 99.3
842 0.6 0 99.4
844 1.1 0 98.9
853 0.9 0 29.1
854 0.6 ¢ 99.4

. .
2 $

All samples tested had an aromatic content greater than the minimum
requirement of 85 percent.

Distillation range tests of aromatic solvents for conformance to physical
requirements for the samples are included in Table 7.

19




Table 7

RESULTS OF DISTILLATION RANGE TESTS OF ARCMATIC SOLVENTS
S
:Distillation range ASTM D86-54,:
: ‘degrees F at 760 pm I wreesyre: :
Specified : Flash :Initial: Temperoiure at which : End :Percent
requirements : point tboiling: percent distillate by point : water

*F  : point :_vol was recovered :
P ; ld . 508 ﬂ__: :
: : :Creater: less : less : :

Laboratory : 80° : 240° : than : than : than : 420°: 0.2%
_Semple No. :minimum:minimum: 265° ; 320° ; 380° ;maximum:meximum

832 : 97 : 304 : 317 : %331 : 372 : %422 : Nl
834 : 91 ¢ 276 : 284 : 292 : 308 : 312 : M1
835 : 88 . 272 : 282 : 291 : 331 : 357 : M1
838 : 99 : 310 : 319 : w325 : 333 : 343 : M1

842 T 93 o+ 274 : 293 : 313 :339 : 35 : N1l

- . . ] . 1
rY =2 -l (3 2 ()

#Samples did not meet specified requirement,
w#Sample exhibited a slight deviation from specified requirement.

The —esults of distillation range tests of xylene samples for conformance
to specified requirements are listed in Table 8,

Each sample of solvent was subjected to a bherbicidal activity test by
treating potted cultures of sago pondweed, Potapogeton pectingtus,
American pondweed, P. podogys, and waterweed, Flodeg canadensis,

in a flowing water situstion. Details of this greenhouse culture and
herbicidal evaluation technique are aimilar to that described by Frank,
Otto and Bartley (14).

The flowing water test is conducted in s small flume where treatment
vater is recirculated at a volume of G.166 cfs and a surface velocity
of C.63 fps., The herbicidal solvent is dispersed in the treatment water
with an anionic-nonionic surfactant (Laboratory Sample No. 755) which
is used at a rate of 1.5 percent by volume of solvent,

Replicated potted cultures of each species are treated at herbicidal
concentration. Jf 200 ard 600 parts per million (ppm) active ingredient
(a.i,). The plants are exposed to the recirculated herdbicidal solution
for a period of 30 minutes, then removed to a 20-liter aquaria contain-
ing clean tapwater for rinsing. The treated plants are held in the
rinss oomtainer for about 30 minmutes and then placed in & 20-liter glass
Jug for a 3-week period of injury cbservation.




Table 8

RESULTS OF DISTILLATION RANGE TESTS OF XYLENES

<EQE CONF O PHYSI
: Distillat‘on range ASTM D,o~54,

: i degreeg F at 760 mmn Hg pregsure  : Specific
Specified : Flash :Initial:Tenperature at which : End Percent gravity
requirements : point :boiling:percent distillate by: point : water : at
: °F : point :volume was recovered : : :60°/70° F
R A . : :

Greater: Less

Laboratory : 75° : 253° : than : than : 311° : 0.2 :0.850 min,
Sawple No. :minimum:minimue: 266° :  293° :maximum:maximun:Q,870 max,
831 : 83 : 272 : 273 276 : 276 : Ni1 : 0.855
833 : 83 . 272 . 27 278 : 282 : N1 : 0.859
836 : 80 264 274 278 : 280 : Ni1 : 0.861
837 : 78 . 268 : 270 . 276 : 280 : N1 : 0.858
839 : 79 : 271 275 : 279 : 285 : N1 : 0.86
844 : 79 w240 270 . 279 : 281 : Nil : 0.859
853 : 84 : 269 275 . %300 : 310 : Nil : 0Q.867

854 : 8 : 271 : 273 277 : 281 : Ni1 : 0.869

. . . - . .
L. 2 3 L3 3 ]

#Sample did not meet specified requirements.
seSample exhibited a slight deviation from specified requirements, but
considered &cceptable for use as an aquatic hLerbicide,

Water ‘emperature during plant culture, treatment, rinse, and post-
treatment observation is controlled 1n a range of 65 to 75 F.

Herbicidal injury ratings used are similar to those described by Frank

et al (14) with some slight modifications that are used to rate contact
herbicides, In genersl, the maximum attainable injury rating for aromatic
solvents seldom exceeds 8 on the 0 to 10 scale, where O = no injury and

10 = complete kill without regrowth. Also, injury by contact herbicides
is limited to above ground plant parts only, whereas with some systemic-
type herbicides the injury ratinges may include effects on root and

rhizome tissue,

The herbicidal activity rating scale used is described as follows:

O - No apparent injury.
1<2-3 - Slight injury.
W=5«6 - Moderate injury,
0-7-8 - Severe injury, but with some regrowth at the end of the 3-meek
observation peri:d. The amount and vij;or of regrowth is
reflected in these final 3-week ratings.
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#10 - Total kill of all plant material without regrowth,

#This degree of injury has never been attained with aromatic solvent
treatments in greenhouse tests,

The results of herbicidal activity tests on solvent samples described

in this report are sumarized in Table 9. The samples of aromatic
solvents and xylenes tested during the past year met all specified
requirements, except for slight deviations of Samples No. 832, 838, and
853. Sample No. 832 was rejected because of the two failures of require-
ments of physical tests. All other samples were considered acceptable.
The herbicidal activity ratings of all materials tested were quite
similar,

Aromatic solvents submitted for acceptance tests for use by Bureau of
Reclamation projects or cooperating irrigation districts have continually
improved over the years. The past ye¢ar's evaluation of these materials
illustrates the increasing uniformity of this type of aquatic herbicide,

A limited mumber of chemical compounds have been evaluated for activity
on submersed aquatic weeds during the past year. These materials were
either submitted to the Bureau laboratories by manufacturers for evalua-
tion of their algsecidal and/or herbicidal potentisl or mey be materials
that are suggested for specific herbicidel tests {rom other areas of
research being conducted in the laboratory ar the field.

These materials are subjected to herdicidal activity tests by treating
greenhouse grown cultures of sago pondweed, Potamogeton pec

Awerican pondweed, P. podosys, and Elodeg canadensis. Details of culture
and evaluation procedures are those described by Frank, et al (14).
Generally, the potted cultures of the previously indicated aquatic weeds
are exposed to th: zandidate compounds in 20-liter aquaria saintained

in cne of two greenhouses., The test sequence usually follows the pattern
of a preliminary continmuous contact test, followed by tests witl reduced
exposure time, and may be finally tested in a flowing water situation,
Test methods, although basically similar, are modified to it the specific
type of material. Likewise the concentration of the material under test
may be varied as knowledge of the material may suggest.

Herbicidal injury to the treated plants is that descridbed by Frank, et
al (14) with podifications that were described in the previous section
in this report on evaluations of aromatic sc -emt-type herdicides,
Resulte of the herbicidal activity tests of es.h compound are ‘abulated
in the foll wing tables.




{able 9

A S AGUATIC

: Solvent . tActivity
Laboratory. .oncentration: Injury scale ratings/ : Index

Sample No.. ppw___ :F, canadensis:P, nodosus;P, pectinatus; No,b/

831 200 3.7 3.0 3.0 3.2
600 4.7 4.7 4.7 4.7
832 200 4.0 3.7 3.0 3.6
600 6.3 6.0 5.3 5.9
833 200 3.3 3.7 3.7 3.6
600 5.7 4.7 5.0 5.1
834 200 4.0 3.7 3.7 3.8
600 5.3 4.7 5.0 5.0
835 200 1.7 1.7 1.7 1.7
600 5.7 4.7 5.0 5.1
836 220 3.7 3.7 3.0 3.5
600 6.0 4.7 5.0 5.2
837 200 2.7 2.7 2.7 2.7
600 5.0 5.0 5.3 5.1
838 200 2.0 2.7 2.7 2.5
600 6.0 5.0 5.0 5.3
839 200 3.0 2.7 3.7 3.1
600 5.0 5.0 5.3 5.1
842 200 3.3 4.3 4.2 3.9
600 5.7 6.5 6.0 6.1
844 200 2.3 2.0 2.5 2.3
600 4.7 4.2 4.0 4.3
853 200 2.7 2.7 : 2.7 2.7
600 5.0 : 5.0 : 5.3 ;5.1
854 200 Not tested because of similarity to
: 600 Sample No., 853
Industrial: 200 5.0 3.7 : 4.0 4.2
grade 600 5.7 6.0 5.7 5.8
xylenec/:

. . - .
2 1 ' N ] '3

a/Each figure represents the mean of three weekly injury scale ratings.
D/Activity index number obtained by determining the aversge of the mean
injury scale ratings for each species tested.

g/Used as a standard contact herbicidal solvent for cowxparative purposes.




Laboritory o. : 761
Compound : Potassiw: salt of 2-(2,4,5-trichloro. henoxy) propionic acid

Formulation : 22.8% active In-redient, 207 Acid Zguivalent, Soil Applied
Granular

—
' seexl, I ar; sc.le r.tings of corpounds evalu.ted for herbicidal activity on
aquatic weeds

standing water=Contiauous Contact Test-Conducteu i Greenhouse

Pottea Ciltures InJury Aat i35 1 and 2 Jeeks Averaze .atl. g
of locted aTiatlic Fo_lowi g .restrent
ced .pecies : - ‘
te 5 /a late <O, a | @le L4044 S#ZA 204,/ 4 AOﬂ/n
1 2 1 2 1 2
P. vectinatus 3 10 3 10 4 1C 6.5 6.5 7
. nodosus 2 10 2 10 2 10 b 6 b
o e——— e i e e o n R
. canadensis 3 iC IN 10 4 10 5.5 7 i
1




Laboratory No. :
Coupound :

Formilation :

762

Fotassium salt of 2-{2

aquatic weeds

[ g ]

6if Acid uguivelent per Gallon, soil anplied Liguid

5-tricnlorophenoxy) propionic aczid

r}eekly injury scale ratings of coumpoinds evalusted for herbicidal activity on

>tand ng

sater-Continuous Contact Test-Co.ducted in Greenhouse

Pot.ed Cultures
of Fcoted Aquatic

Injury Ratings 1 and 2 Weeks

Following Treat ent

average rating

veed Jpecies rate Sr/A |Rate 20+/A |Rate 40+/a | 55/ | 208/A| 404 /A
P
i 2 1 2 1 2
1}-—
¢« pectinatus 1 10 2 10 4 10 5.5 6 7
P. nodosus 2 G N 8 3 10 5.5 Lot 6.5
e, r—'-——~——— i —
Z. canidensis 2 16 2 10 2 10 6 £ ) -T
J




Laboratory “No.

828

Compound : <Jrude ethr. n.phthalene

Forrilat.ion

© e e v —_—

solvent, 1007 active Inredient

Wweekly 1njury scale 1 tings of compounds evaluated for herbicidal activity on

aquaty weeds
o
Standing Water - Contnuous Contact Test - Conducted in Greenhouse
. - .
Potted Cultures 5‘ Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating
ot K ooted Aguatic Treatment .
Weed Species J_'fﬂ”fli(: Cc.iu*. e PPM ] Herbicide Conr. . ppm — Ppm ppm
L 1 2 [ 37 4 1 ] 21 3 4 ;
. pectinatus ; ’
b — ‘ % "
P’. nodosus | ! ! :
) ~—— —— 4 - L —
E. ranadensis ' | i
L ; 1 u | i —
i |
L.mited Con' act Period Test For _30Min, Penod 1 Flowing Water (] Standing Water [
Potted Cultures Injury Ratings 1, 2, 3, and 4 We=ks Following Average Rating
of Rooted Aquatic ’ Treatment ) B
Weerd Spectis Herbicide Conc.a%y ppm 1 Herbicide Conc, ! pm _200 ppm!| _6BQQ pom,
1 2 304 2 3 4
; |
—- e RN el e — ' t -+
P, pectinetus o2 1 !'0.5 3 3.5 1.5 1.2 . 2.7 !
S T N 12 _
. nodoous l 1 1 1 3 2 1 3 ‘
AU S | ;
t 1
E. canadensis i 1 1 1 l 5 { 5 2 1 L3 '

i

o —— - — [

Injury raiing scale, 0=Noiajury; 1, 2, 3»Shight Injury; 4, S, 6 =Moderate
Injurv, 7, R 9=Severe Lmiun With Some Regrowth Inhibition Above Soil Line;
102 amplete Kill of Plants Abos. Soil Line
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Laboratory lic. :
Compound tefine:

For:mla.ion

825

i rethrl naphthalene

Solvent, 1007 aetive Iigre

-nt

Weekiy injury scale ratings of compounds evaluated for herbicidel activity on -]
agquatic weeds ;
]
R
; Standing Water - Continuous Contact Test - Conducted in Greenhouse
r Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Followir Average Rating
of Rooted Aquatic Treatment
Weed Species Herbicide Conc, —— ppm Herbicide Conc. —__ppm ——ee PP ppm.
: 1§ 2 3 4 1 2 3 4 ! :
— |
. P. pectinatus |
o
P. nodosus \ : !
t 1
E. canadensis ! i
= * ' 1
I
| Limited Contact Period Test For 30 Min, Period Flowing Water (] Standing Water X
Potted Cultures Injury Ratings !, 2, 3, and 4 Weeks Following Average Pating {
of Rooted Aquatic Treatment |
Weed Species Herbicide Conc.<YY pp:- Herbicide Conc._ég_ pm <N ppm (_’_D.Q._ PP"‘}I
| 1 2 3 4 1 2 3 4 ‘
| i
L — +- -
) |
| P. pectinatus L 3 3 4.5 1 4 3.3 3.8
S
i P. nodosus 2 3 3 2 3
}__
' E. canadensis 1 1 1 3 3 2 1 2.7

Injury; 7, &, 9 =Severe Iniury With Some Regrowth Inhibition Above Soil Line;

10 =Complete Kill of P!

i

!
{ . . . .

| Injury rating scale, 0=No injury; 1, 2, 3sSiight Injury, 4, 5, 6 =Moderate
|

3

1

s -

ante Above €441 1 jne




Laboratory lio.
Compound :

Form 2lation :

830

Tetrahyd.'snaviithalene

aquatic weeds

Solvent, 1008 active In;redient

Weekly injury scale ratings of compounds evaluated for herbicidal activity on

Standing Water - Continuous Contact Test - Conducted in Greenhouse

Potted Cultures
of Rooted Aquatic
Weed Species

Injury Ratings 1, 2, 3, and 4 Weeks Following
Treatment

Average Rating

Herbicide Conc, — ppm

Herbicide Conc, ———ppm

ppm

ppm

1 2 3 4

1 2 3 4

P. pectinatus

P. nodosus

E. canadensis

Limited Contact Period Test For3Q_ Min. Period

Flowing Water (]

Standing Water CX

Potted Cultures
of Rooted Aquatic
Weed Species

Injury Ratings 1, 2, 3, and 4 Weeks Foliowing
Treatment

Average Rating

Herbicide ConcAls ppm

Herbicide Conc. ﬁm,‘ppm

200 ppm

200 ppm

1 2 3 4

1 2 3 4

1
|

P. pectinatus 2 IN 3 5 7 | 6.5 6.2 i
P. nodosus 2 2 g 5 6 6 2.3 5.7 ﬁ:
E. canadensis 2 2 2 N 5 3 2 4 |

lnjyry rating scale, 0= No injury; 1, 2, 3sSlight Injury; 4, 5, 6 sModerate
Injury; 7, 8, 9=Severe Injury With Some Regrowth Inhibition Above Soil Line;
10 =Complete Kill of Plants Above Soil Line




Laboratory o,
Compound :

Formulaticn s

848

L-awino-3, 5,6-trichlororicolinic acid

107 Active Ingredient, Clay Granules

Weekly injury scale ratings of compounds evaluated for herbicidal activity on

aquatic weeds

Standing Water - Continuous Contact Test - Conducted in Greenhouse

Potted Cultures
of Rooted Aquatic

Injury Ratings 1, 2, 3, and 4 Weeks Following
Treatment

Average Rating

Weed Species Herbicide Conc. 5. ppm | Herbicide Conc. L0 ppm 2 ppm| __100 ppm
1 2 3 4 1 2 37 4 |

P. pectinatus o |05 ¢ 2| 71! 9.5 10 10 | 0.6 7.8 |

P. ncdosus 1 2 L} 7.5 3 8 10 10 3.6 7.8

E. canadensis 3 4 Leo5| 8 7 9.5 10 J 10 Le9 9.1

Limited Contact Perio

d Test For __ Min, Period Flowing Water (]

Standing Water (]

Potted Cultures

Injury Ratings 1, 2, 3, and 4 Weeks Following

Average Rating

of T '-d Aguatic Treatment
Wee  ecies Herbicide Conc.— ppm Herbicide Conc, e ppm ppm ppm
1 2 3 4 1 2 3 4
P. pectinatus !
_ !
P. nodosus o
E. canadensis
lnj'ury rating scale, 0=No injury; 1, 2, 3sSlight Injury; 4, S, 6 “Moderate :
Injury; 7, 8, 9=Severe Injury With Some Regrowth Inhibition Above Soil Line; f
10 =Complete Kill of Plants Above Soil Line !
— —_— I e e =




Laboratory No. : 849
Compound : 4e~amino-3,5,6=trichlorepicolinic acid

Formulation : 2 pounds per gallon Active Ingredient, Liquid

Weekly injury scale ratings of compounds evaluated for herbicidal activity on
aquatic weeds

Standing Water - Continuous Contact Test - Conducted in Greenhouse

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating

of Rooted Aquatic Treatment

Weed Species Herbicide Conc. 2. ppm Herbicide Conc, .a{bpm 5 ppm| _10Q ppm
1 2 3 4 1 2 3 4

P. pectinatus 0 0 0 3 5 6 9 10 0.8 7.6

P. nodosus 1 115 2] 3| 3] 519 10 1.9 6.8

E. canadensis 3 3 3 9 7 7 10 10 Le5 8.5

Limited Contact Period Test For ___ Min, Period Flowing Water (] Standing Water CJ

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating

of Rooted Aquatic Treatment o

Weed Species Herbicide Conc.—— ppm | Herbicide Coac. ...ppm — Ppm ppm
1 2 3 4 1 2 3 4

P. pectinatus

P. nodosus

E. canedensis

lnj.ury rating scale, 0=No injury; 1, 2, 3IsSlight Injury; 4, S, 6 =Moderate
Injury; 7, 8, 9=Severe Injurv With Some Regrowth Inhibition Above Soil Line;
10 =zComplete Kiil of Plants Above Soil Line
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Laboratory No. :

855

Compound : Tris-(l—dodecyl-B-methyl-2—phenylbenzimidazolium) ferricyanide

Formulation :

25% Active Ingredient, Wettable Powder

aquatic weeds

Weekly injury scale ratings of compounds evaluated for herbicidal activity on

Standing Water - Cuatinuous Contact Test - Conducted in Greenhouse

Potted Cultures

Injury Ratings 1, 2, 3, and 4 Weeis Following

Average Rating

of Rooted Aquatic Treatment

Weed Species Herbicide Conc. 2. ppm | Herbicide Conc,.100pm —5— ppm! _100 ppm
1 2 3 4 1 2 3 4

P. pectinatus 8 10 { 10 | 10 8 10 { 10 10 9.5 9.5

P. nodosus 6 9 9 9 8.5} 10| 10 10 8.3 9.6 ;

E. canadensis N g 9 9 9 110 10 | 10 10 8.7 10 |

Limited Contact Period Test For 30 Min. Period

Flowing Water (]

Standing Water (30

Potted Cultures
of Rooted Aquatic

Injury Ratings 1, 2, 3, and 4 Weeks Following

Treatment

Average Rating

% Weed Species Herbicide Conc,.-.5 ppm Herbicide Conc, 100ppm —5 ppm| _10Q ppm
' 1 2 3 4 1 2 3 4

P. pectinatus 0 0 ) 0 I 3 3 0 3.8 1
__I-; nodosus 0 0 0 0 4 3 0 3 Q 3

E. canadensis 0 0 0 0 6 [ 4 3 0 L.8

Injury rating scale, 0=No injury; 1, 2, 3=Slight Injury; 4, 5, 6 =Modetate

Injury; 7, 8, 9=Severe Injury With Some Regrowth Inhibition Above Soil Line;

10 =Complete Kiil of Plants Above Soil Line
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Laboratory No. :

Compound :

Formulation :

856

Bromine salt of tris-(l-dodecyl-3~methyl-2-nheriylbenzimidazolium)

ferricyanide

95% Active Ingredient, wettable powder

Weekly injury scale ratings of compounds evaluated for herbicidal activity on

aquatic weeds

Standing Water - Continuous Contact Test - Conducted in Greenhouse

Potted Cultures
of Rooted Aquatic

Treatment

Injury Ratings 1, 2, 3, and 4 Weeks Following

Average Rating

Weed Species Herbicide Conc. _2. ppm Herbicide Conc.mppm | —2_ppm| __100 ppm
1 2 3 4 1 2 3 4 |

P. pectinatus 7 10 | 10 | 9.5 8 10 | 10 10 9.1 9.5

P. nodosus 6 91101{ 10 8 10| 10 10 8.5 9.5

E. canadensis J 8 l 9 91 10 | 10 10| 10, 10 9 10

Limited Contact Period Test For 3Q Min. Period

Flowing Water (]

Standing Water C8

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating
of Rooted Aquatic Treatment
Weed Species Herbicide Conc..2- ppm Herbicide Conc. 1O0pm —2_ pem| _10OC ppm,
1 2 [ 3] 4 ] 1] 213 4 1
!
|
P. pectinatus 0 ] 0 0 5 L 3 2 0 3.5 5
P. nodosus 0 0 0 0 I 4 3 2 0 3.3
E. canadensis 0 0 0 0 7 7 ‘ 3 4 0 5.3
ln‘x.ury tating icale, 0=No injury; 1, 2, 3=Slight Injury; 4, S, 6 =Moderate
Injury; 7, 8, J=Severe Injury With Some Regrowth Inhibition Above Soil Line;
10 zComplete Kill of Plants Above Soil Line !
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-—_ - e e S -
Weekly injury scale ratings of compounds evaluated for herbicidal activity on

Laboratory No.

¢ 82¢

Compound : Coco diamine

Formulation :

1007 A.I. Liquid

aquatic weeds

Standing Water - Continuous Contact Test - Conducted in Greenhouse |

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating ]!

of Rooted Aquatic Treatment i -
i Weed Species Herbicide Conc, 8Q_ ppm Herbicide Conc, 1Q(bpm SQ__ ppm; 100 ppm
] 1 2 3 4 1 2 3 4 /
~ P. pectinatus 10 |10]10]10| 10/ 10|10/ 10 10 10 |

P. nodosus 10 10 | 10| 10 10 10| 10 10 10 | 10

E. canadensis 10 10 | 10 ; 10 10 10| 10 10 2V 10

Limited Contact Period Test For 30 Min. Period Flowing Water () Standing Water CJ

Potted Cultures Injury Ratings 1, 2, 3, and 4 Weeks Following Average Rating

of Rooted Aquatic Treatment

Weed Species Herbicide Conc,2- ppm Herbicide ConcAQQ ppm —2_ ppm| _100Q ppm

1 2 3 4 1 2 3 4

P. pectinatus O O O 1 7 6.5 7 6.5 0.3 608 E

P. nodosus 1 2 2 1.5 7 5.5 6.5 1.6 6.5 J

E. canadensis 4 5 5 4 7 6 6 5 L5 6 i

Injury rating scale, 0=No injury; 1, 2, IsSlight Injury; 4, S, 6 Moderate

Injury; 7, 8, 9=Severe Injury With Some Regrowth Inhibition Above Soil Line;
10 =Complete Kill of Plants Above Soil Line
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Results of these greenhouse evalustions of the compounds do not show any
compound of exceeding promise for control of pondweeds in irrigation
canals. The potassium salt of silvex (Nos. 761 and 762) did show good
activity in soil applied tests, but generally these types of materials
have not proved to be successful when spplied in flowing water situations.
Further development of specific application techniques and formulations
for aquatic soil applied materials is required.

The naphthalene solvent series of tests were suggested by certain resu.is
obtained from field applications of crude aromatic solvents that con-
tained naphthalene compounds. The tetrahydronaphthalene (No. 830)
exhibited the most activity of the three. Some difficulty was encoun-
tered in emulsifying these solvents., Some exploratoary work has been
conducted using naphthalene compounds as additives to aromatic solvent
to determine the possibilitie= of enhancing their herbicical activity.
Results of these tests are not yet complete.

A completely new herbicidal compound (Nos, 848 and 8,9) was made available
this year and the compound structure only recently released. This
material was found to be active on the pondweed species tested under
continuous contact conditions. This material was not tested in a limited
contact or flowing water situation because of its slow action in pro-
ducing injury symptoms. Its possible usefulness in aquatic weed control
in irrigation systems would be limited to static water or possibly soil
application.

Compounds No. 855 and 856 exhibited good activity in static water tests,
but with much reduced activity in flowing water limited contact tests.
The potential usefulness of this compound in either formulations as an
squatic terbicide in {rrigation canals is questionable,

e cti fec by Re ed ¢ Solv

lreatments

Greenhouse experiments were conducted to study the effects of repeated
aromatic solvent treatments on the vegetative propagule production of
sago pondweed, Potapogeton pectingtus L., and American pondweed,

P. nodogys Poir., These studies are bdeirg perfarmed to dctermine the
influence that continued aromatic solvent treatments may have on sago
pondweed tuber and American pondweed winterbud production within a
representative growing season. Data of this nature would be of potential
use to field weed control personnel in determining the advantages or
disadvantages of making multiple solvent treatments in addition to thcee
required for normal vegetation control.
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Tubers of sago pondweed and winterbuds of American pondweed were planted
in 6-inch clay pots filled with topsoil. Each pot contained six propa-
gules that were visually selected for uniformity in size and from the
same propagule source during any treatment series. The potted propagules
were cultured in either 1/2-cut 55-gall-n steel barrels or full size
30-gallon steel barrels arranged in the ¢reenhouse to receive uniform
light and temperature conditions., Supplemental light from 150-watt
incandescent flood lamps was used during short day periods.

A total of 18 pots of each species was planted for the first study series.
This provided for a series of replicated pot treatments of six individuals
for untreated checks, cne treatment and two treatments each, Initial
experimental laycut called for four pot replications for a three-treatment
series, but because of severe top kills obtained from a 300-ppm concentra-
tion of emulsified xylene only a two-treatment series was obtainable.
Treatmwent chronology is tabulated in Table 10.

Treated cultures and untreated controls were randomly arranged in the
culture aquaria to equalize any effects of excess herbicidal residues.
All treated plants were thoroughly rinsed in running tapwater following
treatment and returned tc the culture aquaris for observation and
further treatments.

Cultures were treated with industrial grade xylene em:..sified with

2 percent (v/v) of an anionic-nonionic blerd esulsifier. (Laboratory
No, 755.) Treatment concentration in the first test series was 300 ppm
for a contact period of 30 minutes. A herbicidal concentration of

250 ppmn for a 30-minute contact period was used in the second test, [he
potted cultures were allowed to produce significant amounts of vegetative
regrowth before being subjected to subsequent treatments. These periods
varied between treatments and were dependent on the regrowth accrued
between treatments and final harvest., Regrowuh vigor varied between the
treated cultures and with species. Potted cultures were selected for
edditional treatments on the basis of regrowth vigor.

Determinations were made of the number of vegetative propagules produced
under a specified treatment and the respective fresh and dry weights of
the propagules. Results of the {irst test series are tabulated in
Tables 11 and 12. Results obtained from the second test series are
itemized in Tables 13 and 14. Mesan data contained in Tebles 11, 12, 13,
and 14 are graphically represented ir Figure 1,

Data obtained in this study were analyzed far statistical significence by

standard least square methods to deterwmine means and standard error of
means, as described by Schumacher and Chapaan (15).
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Iabie 1O

. p h 13 AR OL
3.-5 -no : d:aou. g g-p <£33.»<a

a.oaa : n days Solvent : during : condition at time of
series: anug Species :at time of:conces ration: S.nogn treatment
; H itreatment ; (ppm) ;. °F
1 1 : Sago : 48 300 : 73.76 :Vigorous growth
1 1 :American : 37 300 : 70-75 :Vigorous growth
1 2 : Sego : 153 300 : 68270 :Fair to poor Tegrowth
1 2 :American : 142 : 300 : 68=70 :000d regrowth
1 :Harvested:S3Sago : 236 : -— e :Fair regrow!l~—~sen®socence
1 :Harvested:Ameriocan : 225 : — : -— :Fair regrowth--senescence
2 1l : Sago : bdy 250 1 6065 : Vigorous growth
2 1l :American : 44 250 : 60-65 :Vigarous growth
2 2 : Bago : 89 250 : 60-65 :0ood regrowth
2 2 :Awsrican : 89 250 : 60-65 :0ood regrowth
2 3 : Sago : 252 250 : 65=70 :Fair to poor regrowth
2 3 :Amexrican : 252 250 : 65-70 :Fair to poor regroeth
2 :Harvested:Sago s 274 -— : -— :Fair to no regrowthe-
: : : : : SOES SEuS.LCenoce
2 :Harvested:American : 274 - : - :Falr to poor : ‘growthe-
: : : I SOMe MADSSCence




able 11

EFFECTS OF AROMATIC SOLVENT TREATMENTS N SAGO PONDWEED TUBER PRODUCTION,
ISST SERTILS NO, 1

: : :Total tresh:Total oven: :

Replication: : No, of : weight of :dry weight: Mean dry : Percent
No. (pot) :Treatment: tubers : tubers/ :of tubers/: weight/ :dry weight
or sample : :produced/: sample, : sample, : tuber, :of tubers

: : sample : grams : grams :milligram

1 o Check v 41 : 4,395 s 1.592 : 39 : 36,22

2 : Check : 41 : 4,231  : 1.736 . 42 : 41,03

3 : Check : 40 : 4371 1,774 : 4é H ,0.58

4 : Check : 53 i 5,761 : 2,393 45 : 41,53

5 : Check : 41 : 5,409 2,167 55 : 40,06

6 ; Check : 59 i 5,308 . 2,207 . 27 : 41,57
Means : «= : 45,83 - - : 8/ 43.3 g] 40.32
1 1 38 T 4.040 1 1.546 41 : 38.2¢

2 1 16 : 2,265 ¢ 0.7498 : 50 : 35.23

3 1 26 : 2.284 : 0.832 : 32 : 36.42

4 1 48 o 3.028 o 1,182 25 : 32.57

5 1 15 o 2.048  : 0,607 A : 32.56

Q. 1 35 12,807 . 0,881 _25 30,72
Means — 26,67 - P e : a8/ 36,17 5/34 33
1 2 22 . 2.550 : (.910 : 61 ;35,68

2 2 27 3,520 1.159 43 : 32.92

3 2 33 o 3.431 @ 1,082 33 : 31, 3

4 2 20 : 1.523 0.4k 2 : 23,71

5 2 23 : 2,046 . 0.772 34 . 37.73
o R 17 : 1,8l : @Q 69;_4_ 39 ; 36,39
Means : - 23.67 - : : 8/ 35,33 g 34.83

g/Determined frow rounded values,

Statistical analyses of the data in Table 11 indicate that saso pondweed
tuber production was influenced by solvent treat-ent ¢ the extent
indicated by the foliowing:

a. The wean number of tubers produced by the untreated plants was
greater than cone trestzent (Pe = 0.80) and two treatments (P = 0,95).
Ore treatment tuber number was not si;nificantly different froc two
treatments (P = 0,50, 1T > 27T).

Y. A reduction in the averaye dry weight per tuber occurred between
treated and untreated plants (P = 0,80 that check > 1T and F = .90
that check > 2T). Mean dry weights did not significantly differ
between treatments.

#P = Probability.
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Table 12

EFFECTS OF ARQMATIC SCLVENT TREATMENTS ON AMERICAN PONDWEED WINTEREUD
PRODUCTION, TEST SERIES 1

: : :Total fresh:Tota® cven: :
Replication: : No. of : welght of :.ry weight: Mearn dry : Percent
No, (pot) :Treatment: buds : buds/ : of buds/ : weight/ :dry weight
or sample : :produced/: sample, : sample, : bud : of buds
: : sample : grams : grams :milligramsa/:

1 Check : 74 ¢ 14,363 5.159 ¢ 7G : 36

2 Check : 35 . 8,142 . 2,875 82 : 35

3 Check : 49 : 10,155 . 3.620 7 : 36

4 Creck : 56 12,248 ¢ 4,398 79 : 36

5 : Check : 62 ;12744 ¢ 4.381 71 : 34

6 : _Coeck ; 25 ;6,251 . 2,119 85 : 34
Means : 50,17 - R 8/ 76.83 : @/ 35.17

1 1 19 : 7400 ¢ 1345 71 : 36

2 1 26 : 6.022 v 2,191 84 : 36

3 1 14 0 1.774 1 0,458 33 : 31

4 : 1 27 s 4017 @ 1,510 56 : 33

) 2 1 s 37 T 5,259 . 1,788 48 : 34

e o 1 5 37 7,100 63 : 7 : 37
Means ;26,67 — P - : 60.50 : a/ 34.50

1 : 2 18 : 3.703 : 1,18 : 66 : 32

2 : 2 30 : 4.384  : 1.405 47 : 32

3 : 2 33 ¢ 6,002 : 2,01, 61 : 34

4 : 2 Py ¢ 6,588 . 2,266 67 : 34

5 : 2 17 3,787 : 1,233 73 : 33

[N ; L D.745 . 2,019 ¢ 63 N 35
Means . 27.33 -— R : 8/ 62.83 : a/ 33.33

g/Determined from rounded values,

¢. The average percent dry weight per tuber shows that untreated
plants differed significantly from all treated plants (P = 0,99),
but only slight variations occurred between orne and two treatments,

Interpretation of data in Table 12 on producticn of American pondweed
winterbuds is as follows.

a, Untreated plants produced & greater mean number of winterbuds

than treated plants (P = 0,98). There were no significant differences
in winterbud mean numbers betwean one and two treatments.
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b, Average dry weignt jer winterbud was significantl, greater wit.
untreated riants us compared to treated plants (P = 0.93, ciecks 1T,
and P = 0,99, ciecks > 2T). No significant differences occurred
between the two *reatnents,

¢. Tue average percent dr, weig:t o1 winterbuds did not greatliy

differ between untreated plants and one treatment (P = 3,30, creck > 1T),
wiereas untreated ciecks were significantl;, different fror tie second
treatment (P = 0.98, c.ecx ™ 2T). Trere were some differences in

mean percent dr, weig..t of winterbuds between treatments (P = 3.70,

1T > 2T).

Thie results of t.e second test series tiat furt.er eveluated tre influence
of solvent treatments on s&go jondweed tuber pioduction are tabulated in
Table 13. Anal;ses of tie results of tiis test, wi.ic: inciude a tnird
treatment in tne series, are as follows:

a. Again tie mean number of tubers produced by untreated plants
exceeds trat produced b; t:ose treated (F = 0,9%), 2 greater nmean
nurber of tubers was produced under conditions of one treatment tran
under two treatments (P = 0.95, 1T > 2T). A consideratle decrease

in level of significance was ex:ibited between one treatment and t.uree
treatments (F = 0.50, 1T > 3T). Tuber nurter production was greater
at tne tiree-treatment level tian twc treatments,

b. Average dry weig.t of tubers produced b, untrested plants was
greater tnan all treated plants (P = 0.99). Mean tuber dry weiglts
of one ireatment were significantl; greater tuan tiose trested twice
(P = 0.95, 1T > 2T), but were less significant tran t..ose treated
three tines (P = 0,50, 1T > 3T). As withL tuber number, aversage

dry welgut of tiree treatments was greater t.an two treatments,

¢. Tre average percent dry weigit per tuber indicates trat untreated
plants dilfer from treated plants (P = 0.0, creck > 1T and 3T and
P = 0.50, check > 2T). Mean percent dry wei,..t >f tubers differed
significantly between treatments (P = 0,99, 1T > 2T and P = 0.95,

1T > 3T). Agein the percent dry weight of t:ree treatment tubers
exceeded tnose under two treatnents.
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Table 13

: No. of

EFFECTS OF ARQMATIC SOLVENT ON SAGO PONDWEED TUBER PRODUCTION,
TEST SERIES 2

:Total fresh:Total oven:

: Percent

Replication : : weight of :dry weight: Mesan dry
No. {pot) :Treatment: tubers tubers/ :of tubers/: weight/ :dry weight
or sample : :produced/: sample, : samples, : tuber, :of tubers
: sample _grams  : grams :milligrameﬁ/:
1 Check : 124 13.7242 5.9364 48 29
2 Check : 67 5.6674 2.0808 31 37
3 Check 68 10,9458 4.5517 €7 42
4 Check 83 9.5303 3.9920 48 4
5 Check : 67 : 8.6574 1 33,7046 56 43
<) Cheek ; 135 ;10,8721 :  4,3157 . 32 : 40
Means : 90.66 :  9.9102 : 4.0969 : af 47 . g/ 40.5
1 1 39 3.4944 1.4711 38 : 42
2 1 63 5.1139 1.8590 30 36
3 1 50 4 8646 2.0210 39 42
4 1 51 2,3664 0,8837 17 27
Means 51.25 3.9598 1.5587 : a/ 31 : 8/ 39.25
1 2 20 1.3208 0.,3365 : 17 26
2 2 27 2.4305 0.5796 22 24
3 2 16 1.1973 0.3827 25 33
4 2 22 1.6232 0.3714 17 23
5 2 22 1.4987 0.4350 20 29
6 2 19 1.7800 0.5106 27 29
7 2 18 1.8812 0.4500 25 24
8 2 20 2,239 0,5584 : 28 25
Means 20.50 1.7464 : 0.4530 : @/ 22,62 : @/ 26.63
1 3 32 2.817C 1,1130 : 35 40
P 3 25 3.1084 1.1200 45 36
3 3 92 3.1699 : 0.9610 : 19 30
4 3 i 16 0,8726 : 0,2724 . 17 )
Means 31.25 2.4919 : 0.8666 : 8/ 29.0  : a/ 34.25

a/Determined from rounded values.
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Table 14 lists the results of the second test seriess evalusting American
pondweed winterbud production, These results are statistically inter-
preted as follows:

a. Average number of winterbuds produced by unireated plants

was significantly greater than all treatments (P = 0.39). A
greater mean number of winterbuds developed in one-treatment sanples
than in two- and three-treatment samples (P = 0,95, 1T > 2T and P =
0.99, 1T > 3T). Winterbud production was only slightly greater
under cornditions of two treatments than three treatments (P = 0.20,
2T = 37).

. Mean winterbud dry weights of untreated checks were significantly
different than one and three treatments (P = C.$5, check > 1T and 3T),
but wae less than two-treatment cultures, One treatment mean dry
weight production was significantly greater than three-treatwent
cultures (P = 0.99, 1T > 37T), but was less than two treatments, Two
treatments produced winterbuds of greater dry weight than those under
three treatments (P = 0.95).

¢. An inverse relationship existed in the average percent dry weight
cf winterbuds, where all treatments had values greater than the
untreated checks, Some differences occurred between percent dry
weight of one treatment and two treatments (P = 0,50, 1T > 2T) and
one treatment and three treatments (P = 0,90, 1T > 3T). Average
percent dry weight of winterbud production under two treatments was
significantly greater than three treatments (P = 0.90, T > 3T).

In gensral, the results of this laboratory study show that aromatic
solvent: have an influence on the vegetative propagule production of
these two pondweed species under the conditions of this experiment.
This is especially evideni when comparing treated and untreated plants.
Initial tests indicated that additional solvent treatments (beyond one
treatment) did not significantly change the character of propsgule
production, The second test series illustrated that significent
differences did occur between the one- and two-treatment series in both
number of propagules and dry weight production for both species, The
addition of a third treatment had no influence on reducing tuber and
winterbud production, and in certain instances propagule production
exceeded that of the two-ireatment series,

Laboratory etudies of this type present conditions that greatly limit

the latitude of translating laboratory results to potential field
application., In this experiment the relatively smali size of experimental
layout, both in size of plant clones and nuwmber oi replications, would
influence confidence in the tinal results, Another limitation to be
considered is the herbicidal susceptibility of greenhouse grown plants,
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Table 14
EFFECTS OF AROMATIC SOLVENT ON AMERICAN PONDWEED WINTERBUD PRODUCTION,

__TEST SERIES 2
:Total fresh:Total oven:

Replication: : No, of : weight of :dry weight: Mean dry : Percent
No. (pot) :Treatment: buds : buds/ : of buds/ : weight/bud :dry weight
or sample : :produced/: sample, : sample, :milligramsg/: of buds
: i.eample ; pgrams : grams : H
1 : Check : 84 ;16,2283 : 5.2899 63 : 32
2 : Check : 86 : 12,8050 : 4.0566 47 : 32
3 : Check : 75 : 11,0515 : 3.459% 46 : 31
4 : Check : 59 : 11,3226 : 3.9201 67 : 35
5 : Check : 73 : 13.8754 : 4.4367 61 : 32
6 ;i Check : €0 ;12,4422 : 4,0746 68
Means : : 72,83 1 12,9552 : 4.2077 :1 58.67 g 33 33
1l : i 50 : 7.6156 : 2.8343 :
2 : 1 31 0 5.5569 : 1.9924 64 : 36
3 : 1 : 63 . 7.6778 : 2,8289 45 : 37
4 : 1 5 55 i 17,5675 :  2,8248 ; 51 : 37
Means : © 49,75 @ 7.1045 : 2.6201 : 8/ 54.25 : &/ 36.75
1 : 2 30 : 5.3168 : 1.8424 : 61 : 35
2 : 2 33 T 4.5942 ¢ 1.6354 50 : 36
3 : 2 VA s 7.2428 i 2.3349 - 53 : 52
4 : 2 27 i 5,3257 : 1,9994 74 : 38
Means  ; i 33,75 . 5,609 : 1,9530 ; &/ 59,50 ; @&/ 35,25
1 : 3 22 : 2.9601 : 1.0164 : 46 : 34
2 : 3 36 ¢ 03,5302 : 1.0999 : 3 : 31
3 : 3 41 ¢ 4.3868 : 1.5046 37 : 34
4 : 2 29 i 3,6720 : 1.1710 40 : 32
5 : 3 26 ¢ 4.0476 : 11,3582 52 : 34
6 : 3 23 ¢ 3.1738 : 1.0993 : 48 : 35
7 : 3 43 : 4.1570 1,2904 : 30 : 31
8 HE, i 36 : Lﬁ;_}__.__)jjo : 38 s 31
Means : 32 s 3.7922 : 1.,2369 : @/ 40.25 : @&/ 32.75

8/Determined from rounded values.
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that required considerable reduction in herbicidal concentration to
allow for a maximum of only three treatments. The long periods required
for vegetative regrowth between rultiple treatments would alsc be
expected to have some irnfluence on vegetative propagule production,

It was interesting to note that in all :e._ts, regrowth apparently
developed only from rhiz me meristemat: : tissue and not from tubers or
winterbuds which had never become verna.ized.

The results of this study, while not conclusive, do show some important
trends that could have practical field signifi.ance, The most interest-
ing is that under the conditions of these experiments sago and American
pondweed vegetative propagule production wes significantly reduced by
aropatic solvent treatment, Vegetative proragule prnduction varied
according to number of treatments in certain instances. A significant
reduction in mean number and mean dry weight per tuber and winterbud
was accrued between one treatment end two treatments, but no further
reductions of tubers and wintertuds were evident with the third treat-
ment, Further treatments beyond three were not possible because of
limited amounts of vegetative regrowth,

Results obtained in these studies suggest that aromatic solvents in
excess of twrn treatments will not further decrease iLhe iniestation
potential of pondweed growth in the succeeding year, assuming most of
the plant growth develops from tubers and winterbuds.

Additional investigations under conditions of flowing wmzier in an
outdoor situation were attempted during the past summer. Plani cultures
did not develop sufficiently well for treatment and were discarded, The
study was started late in the growing season and could rn~* be repeated.
Further investigation is anticipated.

Influence of Water Quality on the Herbicidal Effectiveness of Acrolein

The eaquatic herbicide acrolein (Laboratory No. 816) was tested for
effectiveness on submersed aquatic weeds in waters of varying alka-
linity and high total dissolved solids, Information obtained from these
studies would be of interest to field personnel in evaluating the
potential usefulness of acrolein as an aquatic herbicide in situations
where water quality is highly variable.

Synthetic alk-line waters, utilized in herbicidal evaluation tests, were
made with sodium bicarbonate. Concentrations of the bicarbonate ion
(HCO3™") were determined by standard titration methods (16).

Synthetic hard waters used in herbicidal evaluation tests were made by

the addition of various sa’ts to tapwater according to recommendations
made by the Chemistry Section of the Research Division, The chemical
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components of these synthetic waters and laboratory tapwater are listed
in Table 15, Tapwater wae used as a comparative standard in all
herbicidal testr evaluating water quality effect on rlant response.

Table 15

ANALYBES OF WATER USED IN HERBICIDAL
EVALUATION TESTS OF ACROLEIN

Jeboratory tapwater

TDS : 78.0 ppm
Ca : 13.0 ppm
Mg : 2.3 prn
Na : 2.1 ppun
K : 0.8 prm
3 : 0.0 pxz
HCO3 : 28.0 ppm

: 21.0 ppm
Cl 0.7 ppw

Total hardness
expressed as CaCO3 42.0 ppm

Synthetic hard water No, 1

TDS i 668 ppm
Ca : 89.2 ppm
Mg : 20.9 ppm
Na : 59.6 ppm
K : 3.7 ppm
HCO3 : 34.4 ppm
S0, T 47,6 prm
Cl : 35.5 ppm

Total hardness
expressed as CaC03 308.5 ppn

__Synthetic hard watcer No, 2

DS : 1,115.8 ppm
Ca ¢ 165.4 ppm
Mg : 39.3 ppm
Ne : 117.1 ppu
K : 6.7 pru
HCO3 : 40.8 prm
804 : 676.2 prm

: 70.3 ppm

Totcl hardness
expressed as CuCO; 575.0 ppm




Pondweed species used in the standing water herbicidal evaluation test
were potted cultures of sago pondweed, Potamogeton pectinatus and
American pondweed, P. nodosys. All plants were cultured and held for
observation in tapwater, Treatment conditions consisted of treating
plants with three herbicidal concentrations and contact periods in
waters varying in both alkalinity and total hardness.

Plants were held for & period of 2 weexs and injury ratings obtained
weekly. Injury rating system is based on a O to 10 scale as previously
described.

Water temperatures during herbicidal treatment and rinsing periods were
maintained in a range of 67° to 70° F.

The results of these studies are tabulat :d according to individual test:
and are reparted as follows:

Table 16

EFFECTS OF HIGHLY ALKALINE WATERS ON THE HERBICIDAL ACTIVITY

QF TWO PONDWEED SPECIES TREATED WITH ACROLEIN

:Alkalinity of water,: Injury scale rating, :Overall injury
Herbicidal : bicarbonate enion :pean of 2 weekly ratings:rating of both

treatwen : in ppm :P, pectinatus:P. nodosus: spccies
Acrolein : 28 6.8 i 5.5 i 6.2
10 ppm : 84 : 6.5 i 6.0 : 6.3
6-hour contact: : . :

period : 284 : 7.5 O : 6.9
Acrolein : 28 : 7.5 i 7.0 7.3
25 ppm : 84 : 7.5 6.5 7.0
3-hour contact: :

period : 284 : 7.5 35 7.0
Acrolein ; 28 ; 7.0 6.8 6.9
150 ppm : 84 : 6.3 7.0 6.7
30-minute con-: :

tact period : 284 7.5 7.0 7.3
Untreated : :

checkw : 84 : 0 : 0 : 0
Untreated : : : :

check : 284 : 0 ¢ 0 : 0

. . . .
-l 2 —l L

#Plants held in highly alkaline waters for 2 weeks during injury observation.
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The results of the test on herbicidal eftectiveness of acrolein in
highly alkaline waters, shown in Table 16, indicate no significant
difference in injury between treatments. There was a slight decline
in overall herbicidal activity at the 10-ppm, 6-hour contact period
test. This reduced activity at lower concentrations of acrolein has
been previously noted in past tests with this herbicide,

Table 17
EFFECTS OF INCREASED WATER HARDNESS ON THE HERBICIDAL ACTIVITY
ECIES ED WITH ACRO
:Total hardness of treat-: Injury scale rating, :Overall injury

Herbicidal : ment water in ppm, :mean of 2 weeklv ratings:ratimy of both

treatment : expressed as CaCQ3 :P. pectinatus:P. nodosus: species
Acrolein D42 Tapwater 3.0 4.3 2.7
10 ppm : 308.5 Water No, 1 3.5 4.3 3.9
6-.. ur contact:

pe.iod : 575.0 water No. 2 5.0 4.3 4.7
Acrolein 42 Tapwater 6.8 6.8 6.8
25 ppu : 308.5 Water No. 1 6.5 : 7.0 6.8
3=hour contact: :

period : 575.0 Water No., 2 : 6.8 7.0 6.9
Ac Hlein D42 Tapwater : 6.3 6.5 6.4
150 ppm : 308.5 Water No. 1 : 6.3 0.8 6.6
30« inute con-: :

tact period : 575.0 ‘*¥ater No. 2 : 6.5 7.0 6.8
Untreeted :

checkw : 308.5 water No. 1 § 0 0
Untreated

checx : 575.0 Water No. 2 0 0 J

#Pilants held in waters of high total (CaCO3) rardness for 2 weeks durin,
injury observation,

The results of tests on herbicidal effectiveness of acrolein in hard waters,
shown in Table 17, indicate that water hardness had nc significant influ-
ence on resulting plant injury. As with the alkalinity test there was a
significant decline in overall injury at tie 10-ppn, b-hour contact

reriod test. This difference was considerably yreater in the latter
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test, Both injury retings should be similar in the tapwater treatment.
The only explanation that can be offered for these differences was the

age of the plants in the separate tests. "lants used in the water
hardness test were 24 days old at treatment while those used in the
slkalinity test were 29 days old, Previous studies with aromatic solvents
indicate significant reductions in injury with younger plants,

The results of these tests are not conclusive due to limitations inherent
in lakoratory tests, but indicate that the herbicidal activity of
acrol2in i3 not greatly influenced by changes in water alkalinity or
hardness, A consideration that would have to be made in these tesis is
that the plants were not cultured in the wcters of varying quality. It
is possible that this might have some effect on subsequent herbicidal
response, although various other physicael ’actors are expected to have
more influence on the herbicidal response of plants to acrolein than
water quality. These conditions might best be met in a fieid situation,

Comparison of Pondweed Herbicidal Response to Aromatic Soivents in
Flowing Versus Standing Water

latoratory evaluaticn of the herbicidal activity of aromatic solvents

has always been conducted in a {lowing water situation rather than in
static water. The flowing water situation was thought to present a more
rigorous situation for evaluating a candidate solvent., This hypothesis
was based mainly on empirical observati_n and not controlled exverimental
conditions, In these tests plants were always cultured under static
conditions, treate’ in {lowing water and held for observation in standing
water, Prior to the fabrication of a larger model canal system where
outside ponded water can be recirculated through a flume, a sgystematic
evaluation of the various ramifications of flowing versus standing

water effecte on herbicidal response could not be evaluated,

The mcdel canal system used for these preliminary studies was fabricated
in the laborataries shop and installed in one of the greenhouses, as
shown in Figure 2.

A spall pond outside of the greentiouse was lined wit. butyl rubber and
filled wit:. tapwater, Figure 3, Tuis water source is used as reservoir
for recirculating water t:rough the model test flume,

The outdoor pond water can be recirculated tnrough the test flume at a
maximum volume of about 1/3 cfs., Water temperature was monitored
taroughout tne study and ranged from 63-70° F. The canal flume is con-
structed so as to provide a few inches of water over tue plants in case
of pump failure, whicl has been experienced on numerous occasions since
original constructicn, A number of modificatinns were made in the
system prior to & final reliable period of operation during the 1963
summer season.




Firure 2. Model canal system utilized to recirculate water fron a
small outdoor pond for detailed study of pondweeds in a
flowing water situation,

48




. * PX-D 42397 NA

Figure 3. Small outdoor pond used as a water supply reservoir for

recirculating water through the model test flume,

This preliminary study was designed to evaluate a muitiple comparison
of the effects of flowing and standing water on plant growth and
herbicidal response to aromatic solvent herbicides. The various
camperisons made are listed as follows:

Standing Water Culture
Plants grown in 20-liter

e Sguarie

1A-Flowing water treatment--
60-ninute standing water rinse

2A-Flowing watver treatment--
60~minute flowing water rinse

3A-Standing water treatment
60-winute flowing water rinse

4A-Standing water treatment--
60-minute standing water rinse

Flowing Water Culture
Plants grown in recirculated

water of model cengl

1B=-Flowing water treatment--
60-minute standing water rinse

2B=Flowing water treatment—-
60-minute flowing water rinse

3B~-Standing water treatment--
60-minute flowing water rinse

4B-Standing water treatment—
60-mimute standing water rinse
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All flowing water rinses were nade in the test flume trat is equipped
witl three separated chiannels, any cne of wrich can be set to waste

the water carried in it, All rinse water was wasted t. prevent con-
vamination of the reservoir water, Standing water rinses were made in
20-liter plastic aquaria. Flowing water treatuents were nade in the
smaller recirculating test flume used in evaluating aroratic solvent
herbicides. This equiprent is described in the aromatic solvent evaiua-
tion section of ithis report, Plants renoved from any culture situation
for treatment and rinsing were returned to the same flowing or static
water condition for tue 4-week period of injury observation,

A herbticidal concentration of 320 pprz of xylenc, woulsified wich 1-1/2
percent v/v of a nonionic-aniocnic emulsifier (Laboratory No. 755) was
used in making all pondweed ticatments, Water temperature during
treatreont and rinse periods was maintained from 65-70° F.

The two pondweed species included in this study were potied cultures of
sago and Amer:can pondweed, Soil-filled 4-inch clay pots were utilized
to facilitate movement o. the cultures throurn the situations described.
Replicated cultures of each species were tested under the conditions
indicated. The overall test was not replicated at this time because cf
the late season start of the experiment. This was due primarily to
mechanical problems associated with the equipment during the early summer
season,

Observational injury ratings are the same as those used in evaluating
solvents for herbicidal effect, as previously described, A total of
four weekly injury ratings were wade following treatment. Weekly injury
ratings for each species-treatment cundition are the means of two
replicated pots, Only the first week injury rating on flowing water
plants was made ir the {icwing situation because of pump motor flooding.
The remaining trree ratings were made with plants held in static water.

A number of untreated check plants of each species were grown under the
flowing and static water conditions for observations and measurenent of
growth characteristics. Some slight differences were noted among
cultures, Mean mpeasurements typical of plants grown in each environwent
are sunmarized in Table 18,

Resulting weekly injury ratings for each species and treatment-rinse
condition were plotted on coordinated parer and visual estimates of
comparative relationships made. It was obvinus that little differences
occurred between conditions of standing water versus flowing water rinse,
regardless of culture, species or culture condition, as seen in Figures 4
and 5. The two rinsing component data were combined for statistical
comparisone ={ remaining culture and treatment differences that might
occur. These data were subjected to linear regression analysis and




individual regressions plotted {(Figures ¢4 and 5) according to culture

conditions, Test for ncnlinear components vere not made at this time

because of the preliminary nature of the study. Analyses of variance

were computed between regressicns of species, treatment cordition, and
culture conditions and significence both to mesans and elope were made,
The significance of resulting camparison of injury obtained under the

specified condition is as follows:

Flgure 4 (Standing Water Culture) illustrates the significance of
differences between species with respect to flowing or standing water
treatment, American pondweed showing a significance of only P = 0.30
of mean difference and P = 0,50 of slope difference between two water
treatment conditions., On the other hand, sago pondweed exhibited a
significant effect of water movement during treatment with the analysis
showing the significance of P = 0,90 that means differed and P = 0,80
that slopes differed. Mean injuriee differed significantly when com-
paring sago with american in flowing water treatments, P = 0.70 that
meens differed, but only P = 0,20 that slopes differed, Likewise, when
making the two species comparisons in standing water cultures the means
differed by a P = 0.99, but with little significance in slope, P = 0.40,

A considerable reduction in overal® injury obttained by treatments when
plants were grown under flowing water conditions is illustrated in
Flgure >, except for American pondweed treated in standing water. It
should be noted that many American pondweed plants developed rather
atypical during the study and results woul: be questicnable, Analytical
comparisons between the two culture conditions were not made because of
the obvious significant differences., Plants grown in the flowing water
were quite heavily encrusted with what appeared to be a mixture of
calcareous .aterial and epiphytic microorganisms. This would undoubtedly
influence the rate or amount of absorption of the herbicidal solvent and
subsequently reduce injury.

A breakdown of the significance between flowing water anl static water
treatment injury for sago pondweed exhidbited significant difference of
mean P = 0,90 and slope, P = 0.98, American pondweed also exhibited
significant differences between standing and flowing water treatment
with means (P = 0.99) that slopes differed less with P = 0.60. Compari-
sans between species under each treatsent conditions indicate little
significance in flowing water treatments, means P = 0.20 and slope

P = 0,60 while under standing water conditions of treatment & significant
m3an difference ocourred, P = 0,98, slope 0.60.

In summarising it sppears that under the conditions of this preliminary
study, plants grown in flowing water exhidbited a reduction in iz jury
to aromatic solvent treatments as opposed to standing water cultures,
Both sago rondweed and American pondweed showed some reduced injury
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GROWING UNDER CONDITIONS OF FIOW

Table 18

GROWTH MEASUREMENTS JOF SAGC AND AMERICAN PONWEEDS
NG WATER

Species end :

Mearns OM\WHoaar meagirements obtained on Z2-week- a

and 6-week-old plants

Flowing water c

ult ire

Standing water culture

:Terminal:Dry weight,: No. of : No, of :Terninal:ry weigit,: No, of No., of
L} lant age : lengtu,: grams :branc:u.es: leaves 1 lengtili,: grams :brancr.es: leaves
: cm : : : : cw __ ¢ : :
J-weeyr 1 lAnts : : : : : : :
S0 pondweed : 18.5 : 0.7337 : 5.8 -~ ;2.5 @ 0.6178 4.8 -
Arerican pondweed: 31.5 @ 0.37¢ : -- :4-Submersed . 37 5 . 3 484 --  :4=Subzersed
. . : .0=-Floating : . : :C=Floating
y-weeK plants : : : : : : : :
Sago }ondweed : 33.0 ¢+ 1.3227 : 13.5 ¢ - 52,0 1 1.7304 ¢ 11.5 -
. : : : ‘8.3 Submersed’ t : *7.5-Submersed
aneric jweed: 69.0 : 0,70 : - : 8. : 1.4516 -
erican pondwee : 7 . 63 . .3.%=-Floatiny . °8.5 . 45 . .4.5-Floating
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wner treated in flowing water as opposed to standing water when cultured
under either water condition, From thLe preliminary results, it appears
that treatment of pondweeds under flowing water conditicns mignt be
Justified in thLe laboratory evaluation of aromatic solvent rerbdicides,
Also, it would appear desirable to culture plants under flowing water
conditions for these tests, but with the rresent equipment and
facilities it is impractical. Effects of rinsing regardless of flowing
water or standing water do not apparently affect the overall obtainable
injury. Previocus unrepoited laboratory tests show that adequate rinsing
period pust follow a solvent treatiwent to ohtain reliatle irjury results,

Effects of Water Terperature and Fardness on Erulsion Stability

Certain aromatic nydrocarbon solvents (13} ase used to control sutmersed
aquatic weeds in irrigation waters having a wide rangc¢ of hardness and
temperature, Tre emulsifying sgent used in dispersing aromatic s.olvents
is tierefore exgected to perfcrt satisfactorily under s wide variation
in eacn v. these two factors.

T..is study was conducted to determine tie influence of water terverature
and hardness on erulsion stability. Water tenyeratures of 52, 60, 7U

ar.' 80" F were selected to represent tne water tepjerature rance exrected
in most irrigation waters., Waters containing 42 and 342 ppr lLard-ess
expresased as caiciur carbcnate were used for low and i, tardness
waters, For simplicity reascns, the low and hLig: rardness waters wilil

be retferred t:. nereaf °r as soft and hLard waters, respectively. Denver
tapwater was used tor vie 42 i hardness water wiile tre 3.2 ;;r Lard
water was nade by adding calcium ciloride and magnesium crloride to
distilled water,

The four emulsifiers used to evaluate the two factors represent both
noniconic and nonionic-anionia hNend matorigls, Numvers were assiyned

to the agents for identification purposes, Eac!. . f the raterisls was
dissolved {n xy.ene to give esulsifier concentrations »f 1.C, 1.5 and

2.GC percert v/v in the emulsifiedble concentrate. Each of these naterials
has been evalusted in hard water previously and reported to Bureau

of fices for their inforwation, Therefore, the results tfor hard water at
room temperature were anticipeted,

The laboratory test method describted in Chenical Engineering laboratnry
Report No. W-1 (12) was used in preparing the emulsions and determining
the resulting amount of cream layer and free oil., Temperatures were
maintained by keeping the water and concentrstes {n s canstant terpera-~
ture water bath ;rior to preparing the emulsions and tle prepared
ewulsions in the bath during the | hours while the readings on smount of
crean and 0i1 were made,
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Tee*s wera run in triplicate on eacr emulsifier used at tiree different
concentrations in both soft and nard water and at four different water

temperatures., The average amount of cream ard o1l for eec: replicated

test is given in Table 193,

These data snhow that there is considerable difference in erulsi n
stability 2mong the four emulsifiers, and the emuision stabi.ity peneraliiy
uecreases with a decrease in ewulsifier concentrati n, The rardness .f
the water also influences the stability of the emulsi.ns,

Amount of creax iayer forrmed during the 4-tour perixd is considered the
most important of the three reading periods., In Filoure t tie aversye for
each 4-hour reading is plotted to show a cacparison >f emuis. o stability
among emulsifiers, ewulsifier concentration, water tenperatl: = and water
hardness,

Fromw the data presented, it can be concluded tiiat the emuisifiers produce
greater emulsion stability in the hard water,and in wost cases water
temperature does not affect »mulsion stability tc any sigaificant degree,
Erulsifier No. 2 in hard water at the 1l,5-percent level is an excerticn
in that it showed a sharp decline in stability in 50° water. Exulsifier
No. 3 uscd at the 2-percent level is the only naterial that produced

good emulsion stability in both soft and hard water and at all water
terperatures.

In selecting emulsifying agents used in this study [.r best performance
under certain conditions of water temperature and hardnees, the .est
results indicate the foliowing:

1. Exulsifier No. 3 at 2 percent for a wide variation in water
hardness and terperature,

2. Eulsifier No., 2 at 1.5 percent for hard waters of the higher
tecperatures,

3. BEmulsifier No. I or No. 3 at 1.5 percent for hard waters of tne
lower temperatures,

pPelletized Aquatic Herbicides

Herbicides are not norumally forrulated specifically for apjlication to
aquatic soils in flowing water situations. Threse materiais possess
certain physical characteristice such as rate of dissclution and deyrada-
tion that are not optimur {or extended effectiveness wien used in
treating aquatic s~ils of irrigation canals.
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It is the intent of this study to investigate the potentials of incor-
porating some of the more active aquatic herbicides intoc a resinous
binder to prepare an aquatic herbicide formulation having characteris-
tics more compatible with some of the requirements believed recessary
for goud performence under field conditions. The principle of con-
trolled rolease of a toxicant has worked very well in extending the
activity of algaecides included in antifouling paints for inhibiting
the attachment of algae tc the surfaces of irrigation structures,
Limited work performed on pelletized herbicide formulations has been made in
an attempt to duplicate the formulation principle used in fouling
prevention materials,

The resinous binder used in preparing the herbicide pellets is a vinyl
resin copolymer solution, vinyl chloride-vinyl acetate dissolved in
solvents, and is referred to in Bureau paint specifications as VR-6 seal
coat (175. Pellets are prepared by mixing the herbicide into the vinyl
resin solution until the mixture reaches a thick paste consistency. The
paste is transferred to a hypodermic syringe and extruded in a continu=~
ous small diameter extrusion onto a glass surface for drying. The
air-dried formulation is broken into small pileces which are used for
soil applications, Percentage of active ingredient {herbicide) in the
pellets is computed from the weight of the ingredients,

The pelletized herbicides are evaluated far activity by treating soil
contained in 6-inch flower pots whichk is planted with sago pondweed

tubers, A test in progress shuwing sago pondweed growth from treated
and untreated scil is illustrated in Figure 7.

The pelletized material is applied to the top 1 irch of soil on a
pound-per-acre rate based on active ingredient. Providing the herbicide
treatment gives a complete kill of the initial crop of pondweed, the
water is drained fram the aquaria and the soil replanted with tubers,
Fresh tapwater is used to refill the aquaria. This procedure is
repeated following each camplete kill,

Five different pelletized herbicide formulations were included in the
first series of tests to determine their ectivity in a resinous binder,
The herbicides used were 2,4-D acid, monuron, fenac amide, 2,4-D acid
plus sand and monuron plus 2,4-D acid, The results of this test are
given in Table 20,

All formulations gave complete kill of at least one crop at all rates

tested. Monuron and fenac produced two complete kills at the 40-pound
rate and above, The 2,4~D acid did not show the longevity of activity
at the {0-paand rate as did these two compounds,




Figure 7. A comparison of sago pondweed growth from untreated
s0il on the left and from soil treated with herbicide
pellets on the right.

Table 20
EFFECTS OF PELLETIZED HERBICIDES ON SAGO PONDWEED BY NUMBER
OF CROPS ON K WAS OBTA )
:Rates of application (pounds per sacre a,i.
Herbicide . 10 . 20 . 40 . 60
2,4-D acid : :
Moruron
Fenac amide

2,4=D acid pins sand
Monuron and 2,4-D acids:

. . . »
$ . 3 L]

el
b e
oo
NN

#»(ontains 56,1 percemnt monuron and 43.9 percent 2,4-D on a.i, basis,
In the seccnd series of itests, the activity of peiletized monuron was

compared with that of the wettable powder form of monuron by the same
test procedure, Duplicate tests were run on 10-, 20-, 40- and 80-pound-
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per-acre rates for both the pellets and wettable pcwder. Test results
are giver in Table 21,

Teble 21

TOTAL NUMBER OF CROPS OF SAGO PONDWEED
ERADICAT@ BY ll)NURON IN THE FORMS

Monuron 'l‘est ngeaof nmlication {pa per acre a,i,i
formulation &_ﬂg ple : :

Wettable : 1l : 1l : 2 3 3
Powder s 2 1 : 1l 2 4
Pellet : 1: 1 : 2 : 3 3

: 2 1 : - 3 4

- . » *
< kY "l L] k]

The resinous binder did not extend the pericd of activity of the compound
at the 10-pound rate, However, at the 20- and 40-pcund rates, the
pelletized material showed a slight increase in total number of crops
killed over that of the wettable powder, Although this would indicate
that the resin has increased the total activity of certain treatments,
the date are considered too limited for any definite comclusions.

Additional studies are continuing to determine the potential of using
this type resin for preparing pelletized materieals of longer herbicidal
activity for controlling submersed aquatic weeds on irrigation systems.
The ratio of herbicide to the resin may be an important factor in the
controlled release of the phytotoxicant that will be given consideration.

FIELD STUDIES

Preliminary Survey of Interstitial Qxygen in Aquatic Soils

Field studies of the submersed aquatic enviromment have in certain
instances suggested a possible relationship between aquatic soil texture
and the degree of pondweed infestations. There have been some indice-
tions that certain canal soils containing high clay and fine silt
fractions are less densely infested or campletiely lack rooted pondweed
growths. This may be simply due to lack of the plants ability to
penetrata the more dense substrate and become estatlished. Although
little is known about the soil-oxygen requirements for pondweed root
sones, it is imown to be a necessary requirement for normel development
of the roots of terrestrial plants., In the case of rocted aquatic
plants, the oxygen source would be in a dissolved state, Interstitial
80il oxygen has not been previocusly included in our studies because of




the lack of & suitable sampling and analytical technique. A recent
publication deacribed a method to rapidly obtain water sawples from the
interstitial spaces of aquatic soils ic undisturbed natural sites (18).
This technique was explored during the past summer in the laboratory
and at varicus field sites and found to provide reliable data on soil-
water oxygen levels,

The equipment utilized and detailed description of sampling anu chemical
analytical procedures are described in the appendix of this report.

Soil-water sacples were collected and analyzed for oxygen content at

a number of irrigation canal sites in northcentral Colorado and the
Central Valley of Californis during the past summer, Prior tc field
work, the sampling techniques and microanalytical procedures for
determining interstitial oxygen in shallow aquatic soil were evaluated
in the laboratory. The reliability of the microanalyticsl technique
for determining dissolved oxygen was compared with standard procedures,
Some of these data are included in the appendix with the description of
the mierotechniques,

All field soil-water samples were collected in shallow aquatic soils
commonly fourd in irrigation canal silt bars (not in excess of 6 inches).
Normally in canals rooted pondweed species such as sago and American
pondweeds are found growing in the shallow soils. Qur observations have
generally indicsted these plants to be shallow rooted in these flowing
water situations,

Results of field data obtained during the summer of 1963 are summarized
in Tables 22 and 23,

Soil-water oxygen determinations reported in these tables are very pre-
liminary and conclusions regarding any significance to pondweed growth
can only be generally discussed at this time, These determinations

do, however, show that the sampling device and analytical procedure are
useful and can be utilized to make determinations of dissolved oxygen
content of interstitial water in canal soils,

It was rather surprising to the authors to find oxygen levels as high as
those found in aquatic soil depths tested (1-3 inches, in a saturated
eilt bar, where most determinations were made. 1In a saturated soil,
especially under ctatic water conditions, one might predict that condi-
tions below the soil-water interface would . e quite anaerobic., These
determinations suggest a considerable and quite possibly a continuocus
exchange of sc1l water or diffusion of dissolved oxygen with the running
water of th¢ siream, especially in the less compacted materiais.
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Table 22

RESULTS OF Il:ISSOLVEL OXYGEN DETERMINATIONS IN CANAL WATERS AND INTERSTITIAL WATERS OF THE CANAL BOTTOM SOIL
Samplas (btained from Irrigation Canals in the Vicinity of Fresno, California,

3
2

on O _and 8 1
: : : : Depth :
:hepli-: : Observational : Type of :soil-water: Water :Dissolved oxygen
Sampling sitie :cation: Sample: estimate of :pondweed growtn:sampl 1in : temperature, cantent
: No, - type : canal soil in site :canal soil: °F (ppm)
. : type i (inches) :
Stockta Diteh No, h. 1 :Water : - :American and : - 62 : 10 41
Madera I.D, : : leafy pond- :
Sampled on q\wO\@u : : : weed : :
¢+ 1 :Soil :Sandy silt over: zobm : 2 -— : 9.63
: : clay : :
1 :Soil :sandy silt 19&5 In American pbu 2-1/2-3 : -— : 7.64
: organic leafy weed : :
: : material :  bank .
2 :S0il :Sandy silt with:In Ame ican ubn 2-1/2 3 -— : 6.90
: organic leafy weed : :
h, : material = : bank : — i
Stockton Ditch No. 1, 1 :water : - :American and - : 62 : 10,37
Madera I.D, : leafy pond- : :
Sampled on 8/1/63 : : : weed : :
2 :Water : -— :American and -— 62 : 9.92
: : leafy pond- : :
: : weed : :
1 :Soil mbbn% silt with: American and : 1-2 -— : 5.08
: organic leafy weed- :
: : mnmaterial : bank : :
1 :8o0il :Sandy silt over:None 1-2 -— : 3.25

3 clay H : 4




Table 22-~Continued

: : : : : Depth : :
:Repli-: : Observational : Type of :soil-water: Water :Dissolved oxygen
Sampling aite :cation:Sample: estimate of :pondweed growth:sample in : temperature, : content
: No, : type : canal soil : in site  :canal soil: °F : (ppe)
: : type H ; (inches) : H
Kings River Laveral : 1 :Water : — :Elodea : - 5 : 10.82
F § :S0il :Sandy with :In Elodes apnk 1=2 — 13.16
: ¢ larger gravel:
p :S0il :Some silt over :1In Eiodeg .ombk 1=2 - 5.C
: : : _sand-gravel : 2n H .
Stockton Canel, : 1 :Soil :Organic materi-:Sparse growth i=2 :Same water source: 0
Medera I.D, : : al mixed in : of waterweed : as Stockton
Sampled on q\uO\ou : : sandy silt : Ditch
: 1 :Soil :Heavy compacted:Nore : 12 #8.75
: :  clay : :
1 ..oil :looser com- :Few American : 12 »g8 .83

pacted clay : pondweed
than above ¢ plants

s
i S

#Difficulty was encountered in attempting to penetrate this s01l1 with the sampling device,

deter.inations probably i1eflect surface water because of site disturbance.

These dissolved oxygen




Table 23

RESULTS OF DISSOLVED QXYGEN DETERMINATIONS IN CANAL WATERS AND

INTERSTITIAL WATERS OF THE CANAL BOTTQM SOIL

Samples obtained from canels in the vicinity of Longmont, Colorado

op_August 30, 1963

: :Type of : Depth of : :Dissolved
Sampling Repli- Sample Estimate :pondweed:soil-water: Water oxygen
site cation type :of canal : growth :sample in temperature, content
No. : :80il type:in site :canal soil: °F (ppm)
H _ ; H s (inches) :
S, Platte : 1 :Water : -- : None : -— 00 7.17
Supply : 2 :VWater: = :None : - 66 7.50
Canal near: 1 :Soil :Sandy~ :None T 1-1/2 -— 1.17
Canfield, : : silt :
Colorado 1 :Soil :Sandy- :None 1 to 1-1/2: - 3.50
: silt
: 1 :501i1 :Sandy- :None 2 to 2-1/2: - 2.75
: : silt : :
: 1 :501i1 :Sandy- :None : 2to3 — 2.33
: 3 s _8silt ¢ ;
S, Platte : 1 :Soil :Sandy- :leafy : 1-1/2 - 2.67
Supply : : : silt -pondweed:
Canal, 1/2: 1 :Soil :Sandy- :leafy : 1-1/2 - 3.85
mile sbove: : : 8ilt :pondweed:
Canfield, : 2 :Soil :Sandy- :Leafy : 1-1/2 - %7,17
Colorado : : : 8ilt :pondweed:
¢+ 1 :511 :Sandy- :leafy : 3 -— 1.83
: : : silt :pondweed:
: 2 :S0i1 :Sandy- :leafy : 3 - 1.25
i i i eilt :pondweed:
Boulder- : 1 :Water : = : Sago : - 74 8.58
Yhiterock : : : :pondweed:
Canal : : : :and :
: : : ralgae
¢t 1 :S0il :8il1t with:Clone of: 1 — 3.83
: : sgravel :sago :
: : : :pondweed :
: 1 :8041 :81l1t with:Clone of: 2 1.50
: : :gravel  :sago :
: : : : pondweed:
: 1 :S0i1 :Silt- :Clone of: 3-1/2 - 0.0

igravel, :sago :
:organic :pondweed:
-imterial ;

.
y -

oo Ine oo o

s o> se se
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Table 23-~Continued

: :Type of : Depth of : :Dissolved
Sampling Repli- Sample: Estimate :pondweed:soil-water: Water :  oxygen
site :cation: type :of canal : growth :sample in :temperature,: content
: No. : :s0il type:in site :canal soil: °F :  (ppm)
. ; = i 2 (inches) : :
leggett : 1 :Water :Gravel- : None ! - : 72 : 9,67
ditch at : : :8ilt, : : :
Highway : : :shallow : : : :
U.s, 287 : : :8ilt oars: : : :
: : :OVer comw: : : :
H : :pact clay: : : :
¢ 1 :S0il1 :Gravel- :Nome  :1 to 1-1/2: -— : 8,33
: : :8ilt, : : :
: :shallow :
: :8ilt bars:
: : sover com-:
: : :pact clay: : : :
: 1 :S0i1 :Gravel- :Nome  :1-1/2 to 2: : 5,67
: : :8ilt, : : : :
: : :shallow : : : :
: : :silt bars: : :

: : :over com-: :
: :pact clay:

. » .
2 -2 ('] %

joe o0 o
(1]

.
2

#Samples probably represent oxygen content of water above soil-water interface
because of soll disturbance during sampling,

Since compaction of squatic soils may well be associated with the adility
of pondweeds to invade and develop in a canal, measurement of this factor
is desirable. Exploration of methods to measure the compaction or loose-
ness of an aquatic soil without disturbance has not been attained by the
usual engineering or agricultural methods, Field data obtained to date

an soil-water oxygen indicate a possible trend of reduction in the oxygen
levels as the soils become finer and more compact, Where large amounts

of organic matter occurred in the silt oxygen levels were very low or nil.
Probedly the micro-organisms decomposing this organic matter were utilising
oxygen at high rates. Further field and laboratory study will be mede in
an attempt to establish the importance of soil oxygen to growth and
developwent of rooted submersed aquatic weeds that infest irrigation canals,
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APPENDIX

thods fo ermin 880 e nten
in erstitial Water of a rsed Aguatic Soil

Techniques summarized in this appendix are those evaluated by personnel
of the Bilological Investigations Section for use in the field determina-
tion of soil-water oxygen in canal soils, Various sources of informa-
tion on techniques were obtained from the literature with the sources
cited in the literature reference of the report.

Materials and Methods
Fguipment and Methode lsed for Interstitial Soil-water Sampling

Eriksen {18) described a water sampling device by which he successfully
sampled the soil-water of shallow aguatic substrates., This device was
evaluated in initial tests and was found satisfactory for the less com~
pact canal soils, When more compact soils were encountered, the glass
constructed device {requentily broke so a metal sampler was fabricated
from brass tubing, The general dimensions of the unit described below
were kept in building the metal model, This device is illustrated in
Figure 1. Dimensions ars not critical, as long as the reservoir volume
is equal to the volume of the sample to be analyzed by micromethods.

The original sampling device was constructed by using a 5-ml volumetric
pipette with the upper end of the tube bent at a 45-degree angle, The
intake tip was cut off to increase the intake tube diameter, The tip
was fitted with a plastic nozzle with holes drilled in the side. The
holes were covered with No., 16 bolting silk which was held in place by
fine copper wire, The silk acts &8s a filter preventing entrance of
large sand and debris particles, The plastic nozzles used were also
fitted with & rubber "O" ring to form a tight seal over the glass
pipette. A short piece of surgical rubber tubing, fitted with a pinch
clamp, cannected to a le.gth of glass tubing is fastened to the other
end of the reservoir pipette. The upper glass tube acts as an air vent
and the open end must protrude above the water surface,

Methods used in obtaining the soil-water sample were to tighten the pinch
clamp at the rubber connecting tube, direct the nozzle upstream and pene-
trate the substrate nearly parallel to the soil sufficiently far to pre-

vent surface water from following up the tube to the nozzle and contaminating
the sample., The vent tube is held above the stream surface and the pinch
clamp removed. A pressure difference is created which forces the water

in through the nozzle up through the vent pipe. When the pressure dif-
ference hee equalized and the water level can be seen in the vent tube,

the pinch clamp is secured and the sampler removed, The water sample is
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Figure 1. Sampling devices used to obtain aquatic soil interstiti-l
water for dissolved oxygen analyses, The metal unit (A) is
constructed from brass tubing for rigidity in sampl..g in
compact soils, Dimensions are similar to the glass sampler
(D) describved in the text. (B) Surgical tubing and pinch
clamp used to seal off water in the sampler. (C) Glass vent
tubing.

thus contained in the sampler without further exposure to the air, The
first water to enter the sampler is that contacted in the stream. This
stream water is forced up above the pinch clamp during sampling of the
soil water, The sampled soil water is removed from the 5-ml reservoir
at the rubber tubing by use of the hypodermic syringe used in the micro-
Winkler chemical determination,

Puipment and Methods Used in the Micro-Winkler Determination of

880lv en
Reliable analyses of smell water samples obtained by the sampling

described above require a precise technique without exposing the water
sample to the atmosphere until fixed. Fox and Wingfield (19) described
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a suitable technique that was used by Eriksen. Scme minor modifications

in resgents an” equipment were made in cur determinations, Basically

the enalytical method employed is that used in the Winkler procedure for
dissolved oxygen determinations, Chemical Laboratory Report No. CH-102 (20)
can be referred to for a comprehensive description of dissolved oxygen
determinations of canal waters., Procedures for making reagents used in
this analysis were for the mcst part described in this report.

Krogh~-Keyes syringe pipette, fitted with a standard 5-ml Luer
hypodermic syringe and a No. 21 needle. (This device is illustrated
in Figure 2,)

Microburette, blue-line, capacity 10 ml, with 0.05-ml graduations.

Miscellaneous equipment such as a burette stand, 50-ml Erlemmeyer
titration flasks, distilled water wash bottle, containers for
fixing and titration reagents, and small beakers for filling the
syringe pipette with reagents,

ents for micro- er determinations of dissolved oxygen

1. Manganous sulfate. Dissolve 72.8 grams or MnSO,-Hp0 in distilled
water, filter and dilute to 200 ml.

2. Alkali-iodide-agzide. wuissolve 100 grams of NaOH and 30 grams KI
in distilled water and dilute to 200 ml., To this solution, add
2 grams of NaN3 dissolved in 8 ml >f distilled water.

3. One percent solution of KI. Dissolve 2 grams of KI (free of
iodate) in 100 to 150 ml of distilled water; dilute to 200 ml,

4. Standard sodium thiosu’fate stock solution (0.1N). Dissolve
24.82 grams of Na2S203-5H20 in boiled and cooled distilled water
and dilute to 1 liter. Preserve by adding 1 gram NaOH.

To make 0,001N sodium thiosulfate solution for analysis, use 10 ml
of 0.1N solution diluted to 1 liter.

5. Standard potassium biniodate solution (0,025M).  Dissolve
3.249 grams of KH(103)2 in distilled water, dilute to 1 liter. Make
up necessary 0.001N solution by dilution,

Standardization of sodium thiosulfate solution. In a 50-ml titration

vessel add 1 ml of l-percent KI solution, 2 ml of (0,001N) standard
biniodate solution, and 3 drops concentrated phosphoric acid. Add a
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Figure 2. Krogh-Keyes syringe pipette utilized in removing the water
sanmple from the interstitial water sampling device without
exposure to air and introducing tie fixing reagents of the
micro-Winkler analyses for dissolved oxygen in water, Tue
screw stop on the syringe pipette is used to accurately
reproduce micro volumes repeatedly.

few milliliters of distilled water to increase volume. Titrate to

a clear end point with $2 ml of standardiged (0.001N) thiosulfate
solution using starch solution a3 indicator, Sodium thiosulfate
solution is somewhat unstable and must be mace up fresh occasionally.
The standard 0.001N solution should be restandardiged prior to each
field test series,
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Calculate normality of the sodium thiosulfate solution as follows:

Normality = Calculated normality of thiosulfate solution

ml of biniodate solution x 100
X ml of thiosulfate solution used x 100

to reach endpoint in titration
Example: N = 0,001 x 22 = 0,001
200

6. Starch indicator. Prepare a thin paste of about 2 grams of
soluble starch in cold water., Pour into 200 ml of boiling water and
boil for a few minutes. Cool and add a few drops of toluene for
preservative,

7. FPhosphoric acid. Concentrated USP 85 percent was found to be
satisfactory. Standard Winkler procedures use sulfuric acid, tut
this acid will corrode the metal parts on the pipette syringe.

Working volumes of the syringe pipette must be known precisely for
calculations of dissolved oxygen reacted, This must be done
chemically, because of precision required and microvolumes involved,

1. Determination of total volume of syringe barrel plus dead nozzle
(syringe needle) space., Add 1 ml l-percent KX solution and 3 drops
phosphoric acid to titration vessel (50 ml Erlenmeyer flask). Fill
the 5-ml Krogh-Keyes syringe pipette to capacity, approximately 5 ml,
with O,001N biniodate solution by backing stop screw up until the
plunger contacts it at the 5-cc volume index an i¢he ayringe. Set
the lockmut on the stop screw securely at this point. Discharge
biniodate solution into titration vessel containing KI solutiom and
phosphoric acid. Rinse ayringe barrel twice with distilled water,
pulling a full volume of water into the syringe each time, Titrate
with standardised O,001N sodium thiosulfate solutiom t0 a clear end
point, using starch indicator. Caloculate total volume of ayringe
pipette as follows:

Total volume (barrel + deed space) =
mount of thiosulfate

al_of binlodate eolution used in etandardisation
used in titration * ml of thiosulfate solution used in standardisa-
tion
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Example:
Total volume of syringe = 4.58 ml x % = 4.58 x1=4.58 ml

2, Determination of dead space 7rolume of syringe needle, Thoroughly
rinse needle with distilled water by sucking water into the syringe
and discharging. Fill syringe needle with excess of biniodate solu-
tion (0.001N) and invert syringe and expel excess solution by full
travel of syringe plunger. Rinse outside of the needle with distilled
water, Pick up bioniodate solution contained i1 needle by pulling a
few milliliters of distilled water into the syringe. Discharge this
into a vessel and titrate ar before,

Celculate dead space volume of syringe needle as follows:

ml of biniodate solution
Dead space volume . Amount of thiosulfate & used in standardization
of needle used in titration ml of thiosulfate solution

used in standardization
Example:
Dead space volume = 0.15 ml x % =0,15x1-0.15ml
Volume of syringe Total volume of syringe (barrel + dead space)
used in determining = minus volume of dead space in needle

dissolved oxygen
content

Example: 4.58-0.14 = 4.43 ml (working volume of syringe)

1, Add MaSO, solution by pulling an excess into the syringe pipette,
invert and discharge the excess, Rinse outside of needle with distilled
weter. (This amount will be that volume previously determined as the
dead space in the pipette ayringe.)

2. Pick up the water to de analyzed for dissolved oxygen comtent by
carefully inserting the syringe needlc into the rubber tubing of the
water sampler, Water must be obtained below the pinch clamp. Stress
water can also be easily analysed by this technique utilising the
soil-water saspler, Care must be exercised in pL.iling water into the
syringe so not to introduce air bubdbdbles. Move syringe plunger until

it contects the stop screw at the predetermined and set volume of 25 ml.
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3. Alkaline KI-agide solution is next drawn into the syringe by backing
off the screw stop one turn from the 15 ml set position., This volume
should be equal to about twice the volume of the dead space, (This

was determined by the same procedures previously described for calibration
of the dead space volume of syringe.)

4. The syringe pipette is shaken a few times until the precipitate of
manganous hydroxide is evenly distributed throughout the syringe. The
pipette is allowed to lay on its side for about 3 minutes for complete
absorption of dissolved oxygen by the precipitate., It was found that
the needle must be plugged during the various fixing procedures to
prevent leakage of the reaction camponents and the sample. Insertion
of the needle into the wall of surgical tubing worked well.

5. The stop screw is backed off an additional three turns after further
nild egitation of the syringe. Phosphoric acid is drawn into the syringe
until the plunger contacts the stop screw. The unit is shaken by a
rocking motion until all of the milky white precipitate has dissolved
and iodine is lidberated. This solution is then u.scharged into a

50-g1 Erlenmsyer flask for titration of iodine, A few milliliters of
distilled water are added to increese volume prior to 4-5 drgps of

the starch indicator,

6. Titrete this uniknown (using the 10-ml blue-line burette) with
standardised 20.001N sodium thiosulfate to a clear end point, It has
been found that the solution is light straw color at the start of the
titration procedure so the starch indicator must be added at the start.
Unlike normal titrations of liberated iodine by thiosulfate methods
where the starch indicator is added when the titrstion nears the end
point,

Calculate dissolved oxygen content of water sample as follows:

Dissolved oxygen, nl of thiosulfate
in parts per million = uesd in fiml x N of thiosulfate solution x 8 x 1000
(ppm) sitretion

Working volume of the ayringe
pipette as determined

Example:

- 7:91 ppa of dissolved c-ygen
4.43 nl

Microanalytical techniques are often unreliable and difficult to obtain
reproducible results. 7o ascertain the reliadility of the micro-Winkler
tecnique and manipulations bty the investigators, water semples were




simultaneously analyzed by both the micro and the usual standard

Winkler procedure for dissolved oxygen. The standard Winkler procedures

were followed as described in Chemical Laboratory Report No. CH-103
as cited from Standard Method for the Examination of Water and Waste
Water (20).

Tapwater was used for a representative sample and always contained

dissolved oxygen at saturation values, as corrected for temperature and

altitude,
Results of some of these comparative tests are given in Table 1,

Table 1

REPRESENTATIVE COMPARISONS OF THE STANDARD WINKLER METHOD
WITH THE MICRO-WINKLER METHQD IN THE ANALYSES

e OF DISSOQLVED OXYCEN CONTENT OF TAPWATER
: :Dissolved oxygen content, ppm_
Analysisi Water tegpera- Dissolved en _ccntent m

:Micro-Winkler: Standard #inkler
No, . ‘ture, © . _method _ ;  method
1l : 19 : 7.30 : 7.48
2 : 19 : 7.25 : 7.38
3 : 18 : 7.25 : 7.38
4 H 15 : 8.30 : 3,41
5 15 : 8.32 : 3.41

- . .
re A 'Y

These representative comparisons indicate that the micro-winkler
procedure is well within the 2~percent limits of the more commonly
used macro procedure, as indicated by previous investigators (17) (18)
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