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HINGS ARE BAD NOW,

but are likely to get much

worse unless strenuous efforts
at improvemeut are made.”

No doubt, this disturbing observa-
tion has application to many of today’s
problems. When it was expressed re-
cently by the President’s Science Ad-
visory Committee, however, the sub-
ject at hand was the diminishing qual-
ity of our land, our water, and our air,

Can we restore and maintain the
quality of our environment? Our com-
plex industrial and technological soci-
ety is generating ever-increasing vol-
umes of waste. Yet, the environment’s
capacity to assimilate these wastes is
limited. How, then, are we to abate or
control pollution?

Who is the “culprit?”

The most obvious answer, of course,
1s simply to force the discontinuance
of those activities that pollute. This
drastic approach may merit considera-
tion in some instances, But too often,
the disposal of wastes into the environ-
ment{ is considered a problem that can
be solved merely by identifying the
“culprit” and making him stop. Defini-
tive solutions will be more difficult to
come by, for waste production is an
integral part of life processes and
human endcavor, To put it another
way, we all contribute to the pollution
problem,

Most of the early attempts to develop
pollution abatement and control pro-
grams took place at the local level, 1t
eventually became obvious, however,
that more than local action was re-
quired, State governments entered the
field, and more recently, the Federal
government has stepped up its partici-
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OSU Research Expands . . .

Pollution Control for a Quality Environment

pation, Federal action has included:
offering subsidies to areas to help de-
velop new, or improve existing con-
trol deviees; setting minimum stand-
ards to apply under Federal jurisdic-
tion if state or local standards which
meet these minimums are not devel-
oped; encouraging the establishment
of planning and econtrol bodies on a
regional or ‘“shed” basis, rather than
according to political boundaries; and
fostering the incorporation of resource
quality into total resource management
planning.

In Oregon, substantial progress has
been made in abating a number of the
more obvious sources of pollution.
But less apparent forms of pollution—
for example, the subtle effects of pest-
ieides in food chains, in combination
with increasing population and intensi-
fied industrial development, have off-
set many of the gains.

Reversing the situation

In an effort to reverse this situa-
tion, the Oregon Agricultural Experi-
ment Station is expanding its research
activities to include the study of en-
vironmental quality problems posed by
more people, more industry, and new
practices and materials which breed
more subtle forms of pollution. This
issue of Oregon’s Agricultural Prog-
ress 1s devoted to reports on several of

By Robert M. Alexander

the specific programs now under way.
The Oregon Station’s basic research
on pollution is aimed at a better under-
standing of the biological and physical
processes which oeeur in nature, and
the effect of various pollutants and con-
taminants on these processes. Many of
these projects are supported by sub-
stantial grants from I'ederal agencies.
Major efforts include learning more
about how pesticides affect the environ-
ment and how the introduction of
wastes affects aquatic resources,

Essential information provided

While research dealing with specific
pollution control measures has been
somewhat limited, work in the basic
arcas is providing information essen-
tial to such mecasures. A noteworthy
case in point is the reeent development
of water quality standards by the Ore-
gon Sanitary Authority., Knowledge
obtained through the Station’s exten-
sive work in water pollution biology—
such as the effects of low dissolved
oxygen levels and toxic materials on
aquatic organisms—is vital both in de-
veloping and enforcing these standards.

Pollution abatement programs for
Oregon waters have concentrated to
date on improving the principal rivers,
and have sought to abate three chief
problems: pathogenic organisms from
human wastes, toxic materials from in-

dustrial sources including metal proc-
essing plants, and heavy loadings of
organic wastes high in solids content
and requiring oxygen for breakdown.
The major sources of these heavy
loadings, which deplete dissolved oxy-
gen, cause slime growth, and form bot-
tom sludge deposits, are the pulp and
paper industry, the food processing in-
dustry, and domestic sewage.

Water problems that soon will re-
quire attentiou include increasing lev-
els of nutrient salts such as nitrogen
and phosphorus, synthetic chemicals
that break down slowly, radioactive
materials, and temperature increases or
“thermal pollution.”

Air pollution abatement and control
programs have centered on the more
obvious primary pollutants such as in-
dustrial smokes and dusts that contain
high levels of contaminant particles or
involve foul odors.

Smog potential is high

Secondary air contaminants pro-
duced through photochemical reactions
in the atmosphere are not yet a prob-
lem of consequence in Oregon. How-
ever, the potential is high for urban-
ized arcas in the western part of the
state, Both the meteorological and top-
ographical features of this area are
eonducive to various secondary air
pollution problems, ineluding photo-

(Continued, page 16)



Field burning is an essential practice in Oregon grass considerable volumes of smoke into the atmosphere, as
seed production today., But field burning also injects well as contaminant particles and gascous pollutants.

The Benefits of Burning Early

Oregon’s famed grass seed industry

can benefit from early burning

on at least two top-priority counts

WII.LAI\IE'I"I‘E VALLEY grass seed
growers can boost yields and
reduce air pollution by burning their
fields early.

That’s the finding in the first round
of field-burning trials being conducted
by OSU agronomist David Chilcote
and OSU engineer Richard Boubel.

IMield burning is an essential practice
i1 Oregon grass seed production today:.
Among its many benefits: burning is
the only method yet known to control
three crippling problems — blind-seed
disease, ergot, and grass seed nema-
tode; burning checks fungi, weeds,
rodents, and insects; burning effec-



ttvely and economically cleans up
post-harvest straw and stubblec.

But field burning also is a source of
air pollution. When conditions permit,
smoke from the burning fields reduces
visibility and may cause serious traffic
problems when it blows across high-
ways. In addition, field burning injects
contaminant particles and gascous pol-
lutants into the valley’s atmosphere.

Trials launched

In search of a solution, the OSU re-
searchers launched a series of feld-
burning trials in 1965. Test burning
was started in percnnial ryegrass plots
on August 7 and continued for 10
weeks. Ificlds were burned at different
times of the day and under a wide
range of weather conditions, Some
plots were left unburned; on others,
straw was removed by raking and bal-
ing. In addition, half of each test plot
was treated with herbicides, In the
summer of 1966, the crop was har-
vested and seed yields were compared.

As shown in Table 1, burned plots
outproduced unburned plots straight
across the board, while gctting rid of
post-harvest straw by raking and bal-
ing did not appear to improve yields.

Table 1 also shows, however, that
plots burned early yielded 53 pounds
more seed per acre than plots burned
late in the season. And at extremc burn
dates, the difference is even more pro-
nounced. Plots burned on August 7
(earliest burn date in the tests) yielded
1,191 pounds of secd per acre. Plots
burned on October 21 (latest test-burn
date) produced only 847 pounds.

Task 1. EKARLY BURNING IN-
CREASES SEED YIELDS
Treatment Seed leld

Lbs./A.
Burned early (8-7 to 8-13) ............ 924
Burned mid-season
(B=21 500517 E e I ks . 900
Burned late (9-23 to 10-21) .............. 871
Not burned 750
Not burned, raked oo 740

Why did early-burned plots yield
best?

Throughout the 10-week burning op-
cration, detailed records were kept of
wind conditions and of temperatures
and moisture levels in soil, atr, and
straw, Straw moisture content at burn-
ing time proved to be particularly im-

portant in subsequent seed yield. As
shown in Table 2, substantially higher
yields were produced where straw
moistures ranged from 5% to 12% at
burn time.

TabLe 2. YIELDS ASSOCIATED WITH
LOW STRAW MOISTURE

Seed yield
Lbs./A.

Straw moisture

Very low (5-7%) 1,094
low (8-129) ... 1,113
Medium  (13-16%) . 880
High V(1722496) 852 T arl s s 8308

Moreover, the surface temperatures
were higher and stayed hotter longer
in test plots burned under low straw-
moisture situations. This, Chilcote be-
lieves, helped stimulate higher yields
through iunproved thinning (greater
reduction of the “sod-bound” effect),
better control of smothering (a condi-
tion which inhibits the emergence of
vigorous regrowth), and increased fer-
tilizer efficiency.

A potential drawback of these hot-

ter burns is that they are more difficult
to control. On the other hand, more
help is available carly in thc burning
season if school-age youths are em-
ployed. Lack of manpower later in the
season, Boubel points out, often leads
to undermanncd burns or concentrated
burning on weckends.

In the Willamette Valley, of course,
low straw moistures prevail in mid-
summer when humidities arc still low
and before green rcgrowth has
emerged. Here's where cutting down
air pollution enters the picture, for
midsummer—carly in the burning sea-
son—also is the best time to burn from
the standpoint of air quality.

At the outset, early burns produce
less smoke. In the tests, late burns gave
off large amounts of dense smoke;
carly burns produced smaller volumes
of less opaque smoke.

The tests showcd, in faet, that the
total amount of suspended particles
emitted during burning is directly re-
lated to the length of time from harvest
to burn, This means that more contam-
inant particles will be put into the air

Late-scason burns, the tests showed, give off large amounts of dense swmoke;
of less opaque

burns conducted early  produce

smaller

volumes smoke.




by late-season burning than by burn-
ing immediately after harvest.

The quantities of residue—including
unburned carbon and ash—Ileft on the
ground following a test burn also were
direetly related to the number of days
between harvest and burn. With mod-
erate winds, large amounts of these
residues are blown into the air and
they eventually settle downwind from
burned fields. By reducing the volume
of air-borne residue, early burning
minimizes this pollution problem.

Atmospheric inversion

Air generally becomes cooler with
increases in height. Quite often,
though, the reverse is true. This is
known as atmospheric temperature in-
version, and because it prevents lower
air from rising, it limits the dispersion
or scattering of smoke and other emis-
sions into the atmosphere.

During the field-burning season in
the Willamette Valley, two inversion
layers may be present at the same time
—one at the earth’s surface and one
several thousand feet above the valley
floor. Earlier in the summer, the layer
at the surface disappears during warm
afternoons. In the fall, however, when
the low sun brings less heat, both in-
version layers persist both day and
night, Thus, burning earlier in the
summer means fewer smoke buildups.

Competition for the air-shed also
can be important. Slash burning in
Oregon forests begins in the fall, 1f
field burning were completed before
slash burning got under way, there
would be less smoke and fewer parti-

Higher wyields were harvested from
test plots that were burned early.

¢cles for the air-shed to handle during
fall months,

Since 1964, a daily “advisory” has
been issued during the burning season
to let grass seed growers know in ad-
vance the degree of dispersion possible
at a given time. These advisories are
based on forecasts of the atmospheric
conditions that determine the disper-
sion rate of smoke and other emissions
into the atmosphere. Worling to make
the advisory a more valuable decision-
making tool is Robert Black, U. S.
Weather Bureau meteorologist sta-
tioned at OSU,

How well air pollutants will dis-
perse usually is decided by two condi-
tions: the depth of the air layer
through which dispersion is possible
and the wind speed within this layer.
When combined, these couditions are

Sampling device was used to determine type and amount of particles emitted

during a test burn. Wires lead to power source and remole control unit.
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used to estimate the volume of air
available for dispersion and dilution.

The mixing depth — the depth
through which turbulent mixing of air
and pollutants will take place—usually
is confined to the depth in which tem-
peratures of the atmosphere above the
carth’s surface decrease 5 degrees F.
for each 1,000 feet of elevation. Wind
and surface heating by the sun increase
this depth during the day. In summer,
however, the depth is seldom increased
beyond the level of the inversion layer
found at several thousand feet. But
when the lower inversion layer near
the surface fails to disappear, the mix-
g depth is extremely shallow, per-
haps only a few hundred feet.

An advisory is ealculated by first
measuring the vertical temperature
profile at, for example, 3:15 a.m. for
the 6:30 a.m. forecast. Then, based on
this information and some general ob-
servations, the mixing depth is pre-
dieted for the day. IFor an “it’s-okay-to-
burn” advisory, the mixing-depth fore-
cast must be at least 4,000 feet deep.

LLast year, the advisory program was
revised to take into aeeount sueh eon-
ditions as wind, temperature, humidity,
and fire-danger ratings. Black points
out that other meteorological conditions
also could be forecast.

More research needed

Not all the questions raised by field
burning have been answered. I'urther
research is in progress, and more will
be needed. For example, no interaction
between burn date and the use of
herbieides has been observed. Seed-
yield increases due to herbicide appli-
cation were proportionately the same
on all test plots. But weed populations
were rather low; future work may un-
cover some yield-affecting interaction.

Last summer, the field-burning trials
were expanded to inelude six different
grass species. Straw and stubble sam-
ples were gathered from each species
early and late in the season, Prelimi-
nary findings indicate that the air-pollu-
tion potential is about the same with all
species. However, analysis for the
emission of various air pollutants indi-
cates a somewhat greater output of
hydroearbons by late-season samples.

Also under way is a study seeking
methods to improve the general man-
agement of Oregon’s air resources
through learning more about climate’s
effect on the state’s major air-sheds.



Researchers are at work

in an effort to pinpoint precisely

How Fluorine Affects

Fruit Yield & Quality

NDUSTRIAL AIR POLLUTION may af-
feet agricultural production, but it

is easier to speculate about this than to
prove it. A case in point is the selen-
tific determination of the effect of
fluorine, released in the manufaecturing
of aluminum, on the yield and quality
of tree fruits.

While most plants readily absorb
fluorine from the atmosphere, many
vary in their sensitivity to injury from
this element, This sensitivity may vary
scasonally, too. Tree fruits, for exam-
ple, may reaet more to fluorine during
blossoming and fruit set than at other
times. Further, the type of damage
may differ with the amount of fluorine
emitted, as well as with the season of
emission.

Pinpointing the effects

One attempt to determine the effect
of fluorides on fruit set, growth, and
yield is beginning its fourth year in
The Dalles area. Here, OSU horti-
culturists O. C. Compton and W, M,
Mellenthin and agricultural chemist
I'. W. Adams are engaged in a series
of controlled tests that they hope will
pinpoint preeisely effeets of fluorine on
tree fruits, particularly sweet cherries.

This work is an outgrowth of leaf-
sample analysis that began in 1953—
five years before an aluminum factory

Regulated amounts of gascous flouride can be injected
into special enclosures  survounding test cherry limbs.

began operating in the area. These
samples were analyzed for fluoride
content to establish the normal level in
crops grown there. The. levels de-
termined were used in turn as a base
line from which the researech workers
might evaluate fluoride levels in the
foliage after the aluminum factory
started operations.

Monitoring fluoride levels in this
fashion did not establish their cffects
on tree fruits, however, One problem
was to determine unequivoeally the
symptoms of fluorine injury and how
mueh sueh injury affected fruit set and
vield.

Currently, speeial cuelosures cover
large cherry tree limbs in which low
but regulated amounts of gaseous
fluoride ean Dbe injeeted into the air
surrounding the enelosed limbs. Be-
cause previous work indicated that
cherry flowers were partieularly sensi-
tive to fluorides, speeial efforts are
being made to treat cherry flowers (at
different stages of development) with
several airborne fluorine eonecentra-
tions.

These experiments are being eon-
dueted outside The Dalles—in an area
free of fluorine contamination but
with a similar elimate.

Already, this research has pro-
gressed sufficiently to deseribe the
svmptoms of injury to both leaves and

fruit. Leaves of cherry trees exposed
to a few parts per billion of hydrogen
fluoride soon develop a “chlorotic”
condition, in which light green to yel-
low areas develop between leaf veins.
l.eaf tissue is not killed unless higher
amounts of fluoride are present. Cherry
fruit exposed to relatively low hydro-
gen fluoride levels become slightly de-
formed and their tissue is mueh firmer
than normal.

Procedures refined

Work has not progressed sufficiently
to evaluate the effeets of fluorine on
fruit set and yield, Experimental de-
sign and procedures have been changed
slightly as a result of experience, Be-
cause of the problems tnvolved in pro-
viding adequate pollination, a small
number of treatments repeated many
times appears to be more efficient in
providing useful information than the
previous approach — many treatments
tested only a few times.

The researech workers hope that this
experimental approach will help deter-
mine just what levels of airborne fluo-
rine can be tolerated by sweet cherry
trees, flowers, and fruits without in-
jury or loss of produetion. Onee these
levels are found, perhaps industry and
agriculture ean both prosper in the
same area,



Water Quality and the Recreation Economy

How MUCH does water pollution
cost ?

This is not an easy question to an-
swer-—especially if it means a loss of
income from recreational services. In
recent years, however, economists have
been devoting more and more atten-
tion to the complex economic problems
of waste disposal and pollution. And
new methods of economic analysis have
been developed which make it possible
to assess the effect of rccreational serv-
ices in an economy.

With the help of these new methods,
OSU agricultural economist H. H.
Stoevener and a team of OSU research
workers have estimated what the im-
pact of a decline in water quality, and
a subsequent decline in sports fishing,
would be on the economy of an area
surrounding Yaquina Bay on the Ore-
gon coast.

The total study arca contains about
220 square miles of land and 15,000
residents, and includes the towns of
Newport and Toledo. (The accom-
panying map excludes the study area’s
extreme northern and southern por-
tions.) Newport is located at the mouth
of the Yaquina Estuary. The tourist
who visits to fish in the estuary is im-
portant to Newport’s economy, During
1963-64, tourists spent about 60,000
man-days fishing for perch, greenling,
flounder, salmon, and trout and clam
digging and crabbing.

Toledo, on the other hand, is more
industrial, For many years, timber
processing has been the backbone of
its economy. A more recent addition to
industry in Toledo is a pulp and paper
plant,

Large amounts of toxic liquid wastes
are produced in manufacturing pulp
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OSU study traces the economic impact of a decline in water quality on an avea’s recreation industry

and paper. In order to maintain water
quality in Yaquina Bay, wastes from
the Toledo plant are piped to an oft-
shore disposal point west of Newport.

There has been considerable debate
in Oregon recently on water quality.
‘Much of it stems from the various
economic considerations involved. Ad-
vocates of reduced purity standards
have suggested that using the state’s
water for waste disposal represents a
higher value use than if the water—
kept free of wastes—were used for
other purposes, such as recreation.

In response, advocates of higher
purity standards have suggested that
economic considerations also are at-
tached to declines in recreation that re-
sult from a changc in water quality.

Multiplier effects

If, for example, a fisherman no
longer can catch fish in an arca fol-
lowing a decline in water quality, he is
likely to try his luck elsewhere. Tf he
does, this will have a direct effect on
the incomes of most individuals who
sell fishing tackle or rent fishing boats
in the area, But due to what are known
as secondary or multiplier effects, the
fisherman’s exit means a good deal
more,

The individual who sells fishing
tackle to the fisherman also buys goods
and services, perhaps bait supplies and
business insurance, from other indi-
viduals in the area, If his sales arc re-
duced, his ability to purchase bait and
insurance is reduced. In turn, the pur-
chasing ability of the individuals who
sell bait or insurance is reduced, and
so on throughout the area’s economy.
In their study of the Newport-Toledo
economy, the OSU researchers at-

tempted to account for all of these
eftect..

The first step was to estimate the
impact of recreational fishing, given
the actual point of waste disposal and
the resulting level of water quality.
Based on interviews of users of recre-
ation facilities at Yaquina Bay over a
one-year period, it was estimated that
$154,550 was spcut in the study area

during the year for food, motels, bait,
boat rental, gasoline, and so forth, In
other words, local businesses made
$154,550 worth of sales to fishermen

and others who were in the arca
chiefly because of the rccreational re-
sourccs of Yaquina Bay.

As noted, however, the economic ef-
fects of this figure can go much deeper.
A local restaurant owner, who serves
meals to fishermen, may buy his milk
from a local grocer and hire a waitress
who is a local housewife. The grocer

may get his supply of milk from a local
dairyman, while the waitress uses her
paycheck to pay a bill from a local
dentist. Obviously, how well any one
of these individuals fares in the local
economy is going to have an effect on
cach of the other individuals. To de-
scribe this type of complex intcr-rela-
tionship, economists wuse the term
“structural interdependency.”

In the same way, structural interde-
pendencies also exist between the vari-
ous “sectors” of an economy. (A scc-
tor is a grouping of similar or related
economic activities.) In this study, the
Newport-Toledo economy was divided
into 16 sectors, including such group-
ings as cafes and taverns, wholesale
and retail product sales, hotcls and mo-
tels, automotive sales and services,
consumer households, construction, and
professional services. Some 400 busi-
nessimen and houscholders in the area

were interviewed to determine the pat-
tern of their sales and purchases. I'rom
these interviews, the trading pattern of
the area’s economy was determined.

The researchers then set up a mathe-
matical model which represented the
trading pattern of the economy. By
applying certain mathematical tech-
niques to such a model, it is possible
to pin down the nature of the struc-
tural interdependencies.

The model revealed, for example,
that when sales of the hotels and mo-
tels sector increased by $100, sales in-
creased by about $20 in the automotive
sales and services sector, about $12 in
the construction sector, and about $40
in the wholesale and retail product
sales sector.

Given the actual level of water qual-
ity, $154,550 was spent by users of
recreation facilities at Yaquina Bay
over a one-year period. Suppose, how-
ever, that one of several alternative
waste disposal points considered in the
study had been selected instead. Tf the
decision had been made to dispose of
wastes from the pulp and paper plant
at, say, McLean Point, located on the
north shore of Yaquina Bay inland
from Newport and downstream from
Toledo, what would be the impact on
the Newport-Toledo economy ?

Sales loss estimated

The researchers estimate that spend-
ing by fishermen and others who use
recreation facilities in the area would
shrink from $154,550 to $108,645, a
loss in sales of $45,905 due to the de-
cline in water quality and associated
recreational activities,

But when structural interdependen-
cies between the economy’s 16 sectors

are taken into account, the initial $45,-
905 loss in sales results in a total sales
reduction of $94,120, Thus, multiplier
effects would generate an additional
loss of $48,215 or slightly more than
twice the decline in spending by recre-
ational users,

Net income changes

Tt 1s important, of course, to recog-
nize that a decline in water quality
has a sizable effect on an area’s econ-
omy. But recognizing it may be of lim-
ited value when it comes to making
management decisions about wastes,
Often more important is the effect of
a change in water quality on the net
income produced by an economy’s re-
sources, and the income received by
the area’s residents in the form of
wages, salaries, profits, rent, and in-
tercst. With the change in water qual-
ity which would have resulted from
dumping wastes at McLean Point, the
mathematical model revealed a $17,603
annual drop in nct household incomes
in the study arca,

[t should be cmphasized that this
change in household incomes repre-
sents only the impact of a certain de-
cline in water quality on the study
area’s cconomy. No other effects of a
water-quality dccline; such as the pres-
ence of objectionable odors or the im-
pact on any activities other than recre-
ational, have been considered.

Moreover, the model deals only with
the impact of changes in water quality
on the area’s recreation economy as it
exists today. Tf a broader, long-term
view is faken, it is apparent that a
number of additional values are gained
by keeping water quality in Yaquina
Bay at its present level.
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Cut Stream Contamination
With Careful Chemical Brush Conirol

AERIAL APPLICATION of herbicidcs is
an economical and effective way
to control brush on Oregon forest
lands. Regardless of the primary usc
to which thesc lands are put, however,
the important role of the forcst as a
watershed must not be ignored.

Research now being conducted by
OSU agricultural chemist Logan Nor-
ris and OSU forest researcher Michael
Newton, with the cooperation of the
U. S. Forest Scrvice, shows that her-
bicides can be used for chemical brush
control in Oregon’s forcsts with a rea-
sonable degree of safety from strcam
contamination. But direct application
to large, slower-moving' strcams must
be avoided. The same is true for treat-
ment of marshy areas.

A scientific basis

The studies are being made to pro-
vide forest managers with a scientific
basis for the development of spraying
policies which will help hold stream
contamination to a minimum. Streams
have been tested for herbicide con-
tamination following dormant-season
application of 2,4-D and 24,5-T in
western Oregon, early summer appli-
cation of amitrole near the coast, and
early summer application of 2,4-D in
central and eastern Oregon. Based on
the estimate that 100 parts per billion
of a phenoxy-type herbicide in a
stream is a biologically safe level, thesc
studies show that the use of herbicides
in western Oregon probably is “safc”
—that is, it poses little or no threat to
fish or downstream water users. (A
“biologically safc” level is defined as
the concentration of herbicide that can
be tolerated by fish and various mem-
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bers of their food chain for an ex-
tended period of time.)

In eastcrn Oregon, where concen-
trations of herbicides have exceeded
1,000 parts per billion on occasion,
some short-term damage to fish or cer-
tain members of their food chain might
result, Usually, however, these higher
concentrations exceeded the biologically
safe level for only a few days.

When herbicides are applied by air-
craft to a brush-infested block of for-
est land, a small portion is always lost
through volatilization and drift. An ad-
ditional small amount of the spray falls
directly on surface water. The bulk of
the herbicide, however, is cither inter-
cepted by the vegetation or falls di-
rectly to the forest floor.

Of the matcrial which is deposited
on a leaf, for example, from 10% to
30% t1s absorbed and only a small per-
centage of this amount actually moves
to other parts of the plant. Any herbi-
cide remaining on or in the leaf, of
coursc, eventually reaches the forest
floor through rain washing or leaf fall.
Thus, it is clear that the forest litter
and the forest soil end up recciving
most of an aecrially applicd herbicide.

Herbicide breakdown

Fortunately, laboratory tests havc es-
tablished that 2,4-D, amitrole, and
24,5-T are degraded or broken down
by microorganisms in forest litter, Am-
itrole is almost completely destroyed in
a few days, 2,4-D in a few weeks, and
2,4,5-T within a few months. Although
different formulations of 2,4-D are de-
graded at slightly differcnt rates, none
of the formulations tested has shown
prolonged persistence. :

These studies also show that the
presence in forest litter of diesel oil,
commonly used as a carrier for phe-
noxy-type herbicides, does not influence
the rate of 2,4-D breakdown. And in
the laboratory, when DDT is applied
with 2,4-D to forest litter, degradation
of 2,4-D appears to be stimulated—for
reasons yet unknowrl

Streams monitored

In the field work, streams have been
monitored for herbicide concentration
on a large scale in the Siuslaw and
Malheur national forests. Stream mon-
itoring also has been conducted in the
Siskiyou, Rogue River, Umpqua, Mt,
Hood, Deschutes, and Ochoco national
forests. In a typical study, scveral
stream-monitoring stations arc located
at various points downstream from the
area to be treated. Water samples are
tested prior to herbicide application to
determine if any residues are present
from previous applications. I'ollowing
trcatment, intensive sampling is con-
tinued for about a week, then at longer
intervals for several months—well into
the fall and winter period of heavy
precipitation. The methods used to
analyzc water samples permit determi-
nation of herbicide concentration to
levels as low as one part per billion i
the water. '

From this field work, the following
conclusions have been drawn:

[ Some herbicide will be found in

nearly all streams which flow through

or adjacent to a treated area.

[ The length of time a herbicide is
found in a stream depends primarily
on how rapidly the contaminated por-



Careful application

of herbicides to forest lands
will help hold

stream contamination

to “biologically safe” levels

Photo: U. S. Forest Service

tion of the stream is flushed with fresh
water from untreated areas upstream.

§ Little danger of stream contami-
nation is presented by that portion of
herbicide which reaches the forest
floor. This is because the chemicals de-
compose rapidly and have only limited
movement in the soil.

 The amount of herbicide in a
stream varies according to the amount
of stream surface exposed to sprays.

 Nearly all the herbicide in a
stream results from direct applica-
tion to the stream surface, not from
subsequent runoff or leaching during
periods of heavy rainfall.

Avoid marshy areas

Norris and Newton caution against
trcatment of marshy or other high
water-table areas, This is the one in-
stance where herbicides applied to the
ground can enter a stream, sinply be-
cause slight increases in the water table
(due to rains) may cause overland
flow of the contaminated water. Treat-
ment of such an area in eastern Ore-
gon resulted in herbicide concentra-
tions that approached 1,000 parts per
billion with a fairly long persistence.

Harvesting an adequatc supply of
timber from an available land arca
that is decreasing because of the many
pressures of increasing population is a
must. However, maintaining the forest
in such a condition that it continues to
yield an adequate supply of high-qual-
ity water also is a must. By designing
herbicide treatments and laying out
spray areas so that direct application to
large, slower-moving bodies of water
is avoided, forest managers can help
hold contamination of Oregon streams
to a minimuin,
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different oxygen concenirvations wunder conditions closely akin to mnature.

How Oxygen Level
Affects Fresh-water Fish

FISH, LIKE PEOPLE, need oxygen to
survive. If you threaten the supply
of oxygen in the water, you threaten
the supply of fish.

The capacity of Oregon’s inland
waters to support fish is constantly
being threatened by the introduction of
wastes that reduce the supply of dis-
solved oxygen. When waters receive
large amounts of these wastes, dis-
solved oxygen can be reduced to low
levels for long periods of time. Wide
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daily fluctuations of oxygen concentra-
tions which involve brief low-level pe-
riods also may occur. This threatens
fish life, too.

How changes in dissolved oxygen
concentration affect fresh-water fish is
being studied by OSU researchers
Peter Doudoroff, Dean Shumway, and
Charles Warren. The goal of the proj-
ect and similar studies in progress is to
make possible the establishment of
sound water-quality standards that

provide adequate protection for fish
life.

The amount of oxygen that will dis-
solve in thoroughly aerated water is
known as the water’s ‘“saturation
level.” While this level varies accord-
ing to water temperature, at usual tem-
peratures in Oregon waters it is ap-
proximately 10 parts of oxygen per
million parts of water,

Fish avoid low oxygen

If fish are able to detect and avoid
water with a low oxygen concentra-
tion, it follows that this will influence
their distribution as well as help them
survive under natural conditions, In
tests at OSU, young coho (silver) and
chinook salmon, largemouth bass, and
bluegills show a definite and prompt
avoidance of reduced oxygen concen-
trations. Cold-water salmon, particu-
larly the chinook, respond very rap-
idly to low oxygen and avoid levels as
high as 4} parts per million. Warm-
water bass and bluegills clearly avoid
concentrations around 13} parts per
million and lower, Under natural con-
ditions, however, fish are not always
able to avoid water that is low in oxy-
gen,

For a fish to succeed in its natural
environment, 1t must be able to swim
without serious difficulty. There are
predators to escape, food to catch, riv-
ers to migrate, and many other stren-
uous jobs to do. The effect of dis-
solved oxygen levels on the ability of
fish to swim has been determined in
tests at OSU’s Oak Creek lLaboratory.

Both  warm-water and cold-water
fish can swim at moderate speeds for
24 hours when oxygen concentrations
are not much higher than necessary
for survival, However, a coho or chi-
nook salmon’s maximum sustained
swimming speed decreases if the con-
centration falls even slightly below
the saturation level, The highest sus-
tained swimming speed of largemouth
bass is decreased only at somewhat
lower oxygen concentrations.

When it comes to a quick, all-out
burst of speed, coho salmon can sus-
tain it significantly longer at high
oxXygen concentrations.

For natural reproduction and main-
tenance of a fish population, enviromn-
mental conditions must be right, But
because their eggs and fry develop in
stream-bed gravels, salmon and trout
are often endangered by conditions



which restrict percolation of oxygen-
laden water through these gravels.
Both silt deposits and the presence of
organic matter in stream water can
reduce detivery of oxygen to eggs and
fry.

In the Oak Creek lab, salmon cggs
have been hatched successfully at oxy-
gen concentrations as low as 2§ parts
per million. However, e¢xposing eggs
throughout their development to oxy-
gen concentrations below the satura-
tion level results in delayed hatching
and smaller hatching fry. Reducing the
rate of water flow past eggs has a
similar effect. Although fry are less
sensitive to reduced oxygen levels after
hatching, they still are quite sensitive
when water velocity is low,

There also are signs that the small
fry which result from poor rearing
conditions may not tolerate the rigors
of a natural environment as well as the
larger fry that emerge from the gravel
carlier.

Tor a fish to grow, the environment
must not only provide sufficient food,
but be such that the fish will want the
food and be able to catch it and convert
it to flesh, Changes in the environment
can influence the abundance of food,
the appetite of a fish, and its ability to
catch food and make efficient use of it.
Do changes in the level of dissolved
oxygen make a difference?

During most of the experiments,
food was readily and continuously
available to the test fish. A drop in dis-
solved oxygen below the saturation
level results in a loss of appetite (less
food intake) and in reduced growth
for both coho salmon and largemouth
bass. This growth reduction is due
chiefly to the smaller amount of food
consumed, rather than poorer use of it.
Dissolved oxygen concentrations well
above the saturation level-—this can
occur naturally under certain condi-
tions—also reduce appetite and growth
of test fish,

Weight gain affected

Wide daily fluctuations in oxygen
concentrations also make a difference,
even when average concentrations are
neither low nor high. IYish exposed to
low concentrations at night and high
conicentrations during the day for two-
week periods do not gain much more
weight than if they are held at the low
concentrations for the entire two
weeks,

Graduate student Floyd Hutchins feeds
young coho in test of growth ability.

When coho salmon are held at vary-
ing oxygen concentrations on an iden-
tical, limited diet, little or 1o difference
shows up in the growth rate of fish at
high and moderately reduced levels.
Only fish exposed to the lowest test
concentrations show impaired growth
due to poorer use of food. This indi-
cates that when the supply of food is
limited in a natural environment, mod-
erate drops in dissolved oxygen may

“not seriously affect fish growth. When

there is plenty of food, however, the
effect of lower dissolved oxygen con-
centrations probably will increase,

Many valuable facts have been
learned in the Oak Creek tests. Still,
the researchers point out that labora-

tory studies arve one thing, studies in
nature another. You camiot assume
that fish will react to reduced oxygen
conceiltrations in a stream the same
way that they react in a laboratory
where there 1s 110 need to reproduce,
seek food, escape predators, or migrate.

Natural conditions

FFish were able to exist—although
barely—at very low oxygen concentra-
tions of one to two parts per million in
the tests. Under natural conditions, a
population of fish can hardly be ex-
pected to maintain itself at such low
concentrations, IMish reproduction, ac-
tivity, growth, and movement cannot
be seriously restricted by reduced oxy-
gen levels without seriously threatening
fish production.

To satisfy the need for further work,
the OSU scientists are setting up ad-
ditional experiments. I'ish will be stud-
ied at different oxygen concentrations
in specially designed outdoor ponds
and streams under conditions closely
akin to nature. Other tests, already in
progress, will determine the ability of
fish to grow at different oxygen con-
centrations when they are given differ-
ing amounts of food and forced to
swim against varying currents. This
work will help uncover more facts
atmed at understanding how the intro-
duction of wastes to inland waters may
be affecting Oregon fish life in its na-
tive environmernt,

OSU researcher D. L. Shumway checks fish swimming ability in water of vary-

ing oxygen concentration which is pumped through tube at varying welocity.
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An Ally in the War on Waste

Research has uncovered a remarkable aquatic insect which

may make possible improved treatment of organic wastes

QUATIC INSECTS are important
weapons in the battle to break
down domestic sewage and other or-
ganic wastes before they enter waters.
Some insects, however, are better
weapons than others.

Oune of Oregon’s most effective
waste-ghting insects, pinpointed re-
cently by OSU researchers, turns out
to be a chironomid midge or small mos-
quito-like fly with the scientific name
of Glyptotendipes barpipes. Working
to learn more about this potentially im-
portant enemy of water pollution are
entomologists R. L. Goulding, N. H.
Anderson, and R. A. Kimerle.

Waste-stabilization lagoons are being
used more and more to handle domes-
tic sewage and certain industrial wastes.
In recent years, more than 30 such
lagoons have been developed in Ore-
gon to augment existing sewage dis-
posal programs' or to eliminate direct
contamination of streams hy raw
sewage.

Treatment of organic wastes by bac-
terial oxidation or breakdowns is the
oldest disposal method known. In fact,
the process has been occurring natu-
rally in streams, rivers, ponds, and lakes
ever since life began. Briefly, here is
how it works.

Aerobic bacteria

When adequate oxygen is avail-
able, sewage is broken down by the
action of aerobic (oxygen-requiring)
bacteria. In the course of their meta-
bolic activity, these bacteria release
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abundant carbon dioxide and nutrients
which, in the presence of sunlight, gen-
crate dense growths of algae. In turn,
the algae give off oxygen in the process
of photosynthesis. This oxygen is used
by aerobic bacteria to complete the
cycle. 4

If this biological cycle is managed
properly, domestic sewage can be
transformed into a reasonably accept-
able material in our environment. De-
spite this considerable improvement,
however, pollution still may result if
the material is mishandled following
treatment, For example, water dis-
charged from a waste-stabilization la-
goon remains fertilized with nitrogen
and phosphorus. This can lead to un-

R. A. Kimerle takes sample of lagoon
bottom to determine its midge density.

desirable growth of vegetation in wa-
ters receiving the discharge.

Insects contribute in several ways to
the breakdown of wastes in oxidation
ponds. Water mixed by free-swimming
insects helps diffuse oxygen to deeper
zones of a pond, where it is most
needed by aerobic bacteria, Larval in-
sects cat dying algae that no longer
produce oxygen, thus reducing the
amount of oxygen-consuming material,
They also cause a beneficial mixing of
oxygenated water into sediments at the
bottom of the pond.

Gases released

Although waste-stabilization lagoons
—much the same as septic tanks—will
function without available oxygen,
this type of lagoon usually is not ac-
ceptable. Sewage in such a lagoon is
broken down by anaerobic, rather than
aerobic, bacteria which release hydro-
gen sulfide, methane, and other gases
in the course of their activity. Foul
odors and generally offensive condi-
tions can result, Morcover, the dis-
charge from such a lagoon is intoler-
able in streams and rivers. Successful
management of a waste-stabilization
lagoon, then, depends on the mainte-
nance of high levels of dissolved oxy-
gen in the lagoon. And it is here that
the insect plays its major role in turn-
ing domestic wastes into a more accept-
able material.

However, an oxidation pond is a
special habitat that requires organisms
to have special characteristics in order
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to survive. With a virtually unlimited
food supply, the two or three insect
species that adapt best can multiply
rapidly under some conditions of man-
agement. The result may be annoying
mass flights of insects through sur-
rounding neighborhoods or troubles
with pests like emerging mosquitoes.

OSU entomologists have been work-
ing on some aspects of this problem
since 1963, Last year, new and broader
studies were launched.

A survey of insect species in 21
Oregon lagoons was taken last spring,
summer, and fall. Although species
abundance varied, the predominant in-
sect in every case was the chironomid
midge, G. barpipes. Densities (the
number of midges per square foot)
ranged from onc or two to more than
20,000 during the course of the survey.

Peaks in late summer

Seasonally, this midge is most
abundant in late summer. It dies off
through the winter months, reaching
its lowest pormt in early spring, Winter
mortalities apparently are the result of
low concentrations of dissolved oxy-
gen, although other causes may be in-
volved. In general, populations of the
other insects found—Ilargely related
midges—follow these same seasonal
trends.

During the summer months, when
some of the ponds became stagnant
from excessive duckweed growth on
the surface, insects that need dissolved
oxygen — including midges — disap-
peared. At the same time, insect larvae
which can use atmospheric oxygen,
such as rat-tailed maggots and mos-
quitoes, became abundant. And in
ponds where emergent vegetation was
allowed to grow around the edges,
dense populations of mosquitoes were
likely to develop. Both of these unde-
sirable conditions can be controlled
with effective lagoon management.

A more detailed study of a single,
large lagoon system is under way in
cooperation with the city of Mon-
mouth. The well-managed Monmouth
lagoons, which serve about 3,000 peo-
ple, always have provided an adequate
degree of waste treatment with no re-
ported problems. Even in some winter
months, the system achieves a degree
of treatment comparable to far more
elaborate factlities.

The OSU researchers’ primary goal
m this study ts to determine the con-

tribution of the G. barpipes midge to
this efficient operation. Research in-
volves the relationship Dbetween the
amount of dissolved oxygen in the la-
goon and the density of larval midge
populations,

Environmental conditions in waste-
stabilization lagoons often elimimate
many species of aquatic insects com-
monly found tn standing bodies of
water., A major factor, but not neces-
sarily the only one, is the level of dis-
solved oxygen. At certain times of the
year, particularly early winter, dis-
solved oxygen levels in a lagoon can
drop to zero, and this is unsuitable for
most aquatic organisms. However, the
G. barpipes midge survives both seca-
sonal and daily low concentrations of
dissolved oxygen considerably better
than other aquatic insects, and is able
to make maximum use of the lagoon
environment,

To keep track of dissolved oxygen
levels in the Monmouth lagoons, the
researchers have reworked an analyz-
ing device so it will automatically re-
cord changes, thus eliminating a num-
ber of time-consuming laboratory tests.
The analyzer, along with a tempera-
ture meter and appropriate recording
equipment, has been installed at the test
site. Once every hour, water is pumped
from the lagoon’s surface, mid-depth,
and bottom. The water is then analyzed
for dissolved oxygen and temperature,
and the resulting profile is recorded.

The life cycle of the G. barpipes
midge consists of an egg, four larval
stages, pupa, and adult, In the spring,
over-wintering larvae grow to the
pupal stage and emerge as adults.
These few adults then lay eggs, and
the density of midges continues to in-
crease throughout spring and summer,

By September, a maximum density
is reached, when as many as 26,000
larvae per square foot have been ob-
served, late fall and winter months
bring a decrease in numbers until
spring, when the cycle begins again.

Midge is high in energy

During a period of maximum den-
sity, there were more than 600 million
G. barpipes larvae and pupae in the
Monmouth system’s secondary lagoon.
Their dry weight was in excess of
1,500 pounds, and they contained a re-
markable 3.3 million plus Calories of
energy in their bodies.

The emergence of adults in large

Monmouth city supervisor K. R. Mar-
tin, center, and scientists view test site.

numbers can create a nuisance, how-
ever. On a few occasions during the
summer, thousands of adult midges
will emerge and congregate around the
lagoon dikes. They also lay many
thousands of eggs that can be seen
floating on the lagoon surface.

Is 1t worthwhile to put up with this
occasional nuisance? The answer, of
course, involves another question : what
portion of the energy contained in
sewage is consumed during the midges’
growth and development?

At this point in the studies, it is too
early to estimate the amount of sewage
solids consumed and altered in some
way by midge larvae, It is possible,
however, to estimate that of the 500
tons of raw sewage solids entering the
Monmouth lagoon system each year,
up to 10 tons are removed in the form
of adult midges emerging from the
waters. This amounts to 2% of the
original organic matter entering the
system.

Obviously, the amount of sewage
solids consumed by midge larvae to
produce the 10 tons of adults is much
higher than 2%. How much higher re-
mains to be determined, but the answer
will have considerable significance in
the Dattle to keep Oregon waters clean.
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“An area may be so anxious to entice

industry . . . it overlooks pollutz'on potentz'al”

(Continued from page 3)
chemical smog. And southeastern Ore-
gon, while not heavily urbanized at
present, is regarded as having the high-
est air pollution potential in the United
States.

Among the other significant sources
of air pollution is smoke produced by
forest slash burning and agricultural
field burning.

Animal waste problem increasing

The solid-waste problem of greatest
concern in Oregon has bcen municipal
refuse and garbage. Many municipali-
ties in the state still employ open dump
disposal procedures, and conduct open
burning to reduce the volume of ma-
terial. Abatement has progresscd, how-
ever, and a numbcr of municipalities
havc shifted rccently to landfill opera-
tions, including some sanitary land-
fills. Another solid-waste problem is
the increasing volume of animal ma-
nures involving nutrient runoff, odors,
and flies.

The possible accumulation of pesti-
cides is of prime concern in the land
environment.

Increased knowledge of nature’s bio-
logical and physical processes is vital
to the development of a sound pollu-
tion abatement and control technology.
But equally vital in the total picture
arc public policies and social institu-
tions — governmental agencies, lcgal
processes, and rcgional arrangements,
for example. Unless an abatement pro-
gram is cconomically feasible and perti-
nent institutions are so structured that
they are both effective and politically
responsive, increased knowledge and
improved technology are likely to be of
little consequence, Several research
projects are in progress at the Oregon
Station concerning these aspects of
pollution control. ( The article on page
8, “Water Quality and the Recreation
Economy,” summarizes one of the
studies conducted in the social area.)

Perhaps the most common expres-
sion of this intricate relationship is thc
conflict between economic devclopment
and environmental quality. An area
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may be so anxious to entice industry
that it overlooks the matter of pollu-
tion potential. But a subsequent pollu-
tion problem may deter further eco-
nomic development, Real costs in pro-
duction processcs downwind or down-
stream may be involved. Recreation and
tourism developments or potentials may
be harmed. An undesirable environment
may be created for prospective em-
ployees of a firm seeking a location for
a new plant, The dilemma is obvious:
if regulations are too strict, industry
may be unwilling to establish in an
area; if regulations are too lax, an
area’s environment may deteriorate to
the extent that other activities and
values suffer.

In the past, the benefits of clean
water, purc air, and uncontaminated
land werc rccognized, but seemed re-
mote and of secondary importance.
Today, however, public concern about
the quality of our environment is wide-
spread and intense.

How high a price?

The question has been asked: “How
high a price are we willing to pay for
environmental quality ?” Some suggest
that we should settle for nothing less
than absolutely pure air, pristine water,
and unconditional repeal of the “right
to pollute.” At the other extreme is a
laissez-faire, ‘“‘do-nothing” approach
which would let the chips fall wherc
they may. Realistically, the approach
will have to be somewhere in between.
It seems doubtful that we will be will-
ing to pay the price of absolute goals.
The cost in terms of economic oppor-
tunities foregone probably would be
too high. And the ultimate cost of
doing nothing about pollution surely
would be too high.

The assimilative capacity of water,
air, and land for the disposal of wastes
is a valuablc assct. We must lcarn how
to use this asset without unduly sacri-
ficing other values. Research has con-
tributed substantially to this cffort. Tt
will continue to do so.
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