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PREFACE

This is one of a ten volume series of reports issued by the State
Water Resources Control Board (SWRCB) on agricultural chemicals.
Titles of volumes in this series: (1) Water Quality and
Pesticides: A California Risk Assessment Program; (2) Toxaphene;
(3) 1,2-Dichloropropane/1,3-Dichloropropene; (4#) Rice Herbicides:
Molinate and Thiobencarb; (5) Endosulfan; (6) Ethylene Dibromide;
(7) Groundwater Contamination by Pesticides: A California
Assessuent; (8) Malathion; (9) 2,4-D; and (10) Glyphosate.

This report brings together under a single cover a number of
staff reports prepared between 1981-84 that deal with water
quality impacts from two separate uses of 2,4-D. The first use
involves silviculture, while the second use involves direct
application of 2,4-D to waterways to control water hyacinths.
Both of these uses generated public concern due to claimed human
health effects from the use of 2,4-D and 2,4,5-T as ingredients
in Agent Orange.

State Board staff took the lead in assessing the water quality
impacts of these uses and in bringing together all of the
involved parties inecluding regulatory agencies and interesv
groups opposed to and supportive of continued 2,4-D use. A 2,4-D
study group was formed in 1982 with the objectives of developing
California specific information on (1) aquatiec toxicity and . (2)
the potential for 2,4-D to reach north coast waterways under
quantifiably defined vest management practice conditions. This
report documents the accomplishment of these objectives. Tae
second part of this report documents the State Board's
contribution to an interagency Water Hyacinth Task Force.

The mention of a particular chemical or formulated product should
not be interpreted_as a recommendation for ifs use.
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II.

2,4-D: USik FOR CONiFER RELEASE
AND WATER HYACINTH CONTROL

Introduction

Two controversial issues involving water quality impacts of
the herbicide 2,4-D are discussed in this report. The
first issue, 2,4-D use in northern California conifer
release programs, spans the period 1978 through 1984,
Calitornia regulatory agencies, the publie, aund the timper
industry have, during this period, interacted to address
the potential.y confiieting goals of maximizing conifer
forest growth whiie keeping surface waters relatively rree
of 2,4-D, the major herbicide used for this purpose. The
chronology of events wnich follows indicates that both
goais are compatible. The initial regulatory emphasis of
the North Coast Regional Water Quality Control Board
(NCRWQCB) regulating herbicide concentrations in water
through numerical limits has evoived to the current
approach of achieving carefully controlled application by
following specific field management guidelines, "Best
Management Practices" (BMP) is the term used to descrioe
this approach.

The second issue, 2,4-D use for water nyacinth control,
Spans the period 1982 through 1984. 2,4=D has been the
focus of recent attention and public concern in the
Sacramento-San Joaquin Delta. The target pest was
different here than in the north coast, requiring a
different 2,4-D formulation. The problem involves
excessive water hyacinth growth which impairs navigatiou in
narrow channels. An evaluation oy the California
Departuent of Boating and Waterways (DBW) of alternative
means to control this growth determined that the most cost-
eftfective metnod whien also protected wafer quality was
cnemical control througn the use of 2,4-p dimethylamine
salt (2,4-D DMA). This formulation is somewhat less toxic
to aquatic organisms than the 2,4-D ester products used in
the nortn coast forest programs. Tne California Department
of Health Services concliuded that the current EPA drinking
water iiwit of 100 ppo for 2,4=D DMA appears adequate to
protect public health. A more protective guideline of

20 ppb 2,4-0 DMA was recommended by State Board staff and
adopted by DBW. This guideline takes into account the use
of Delta water for erop irrigation ana tue sensitivity of
certain broadleaf plants such as grapes and tomatoes to
2,4-D DMA.

Conifer Release

The phenoxy nerbicide 2,4-D (2,4-dicnlorophenoxyacetic
acid) is widely used to increase timber yields by
inhibiting or destroying vegetation that competes with
commercially valuable conifers sucn as reawood and pine.



Uver 2uuU,00Uu pouncs per year or 2,4-0 wére appisleu Dy
vackpack spraying or by nelicopter to 117,000 acres of
nationa. rorests in 1974/80 (dorris, i980,. This nerviciqe
¢an pose a threat to agquatie life ‘and municipal water
Supplies, Dpecause it can De transported from tne target
area to streams by wind drift and water runoffr.
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(DFA), and couunty agricultura. commissioners to develop
pest forestry management practices (BMPs) that Wwoula
protect water quality.

Debate continued concerning the validity ana eliricacy of
the proposed 10 ppb limit for 2,4-D. A public interest
group, the Humboldt Herbicide Task Force, had requested a
Zero discharge limit on 2,4=D and cited as evidence
Canada's restrictions on the sale of some 2,4-D
formulations. The forest and cnemical industries and the
Calirornia Department of Food ana Agriculture (DF4)
challenged the 10 Ppb iimit as "unattainabler.

Aprii 10, 1981: ’
SWRCB denied an appeal from the Humboldt Herbicide Task

Force requesting zero discharge of 2,4-D for the north
coast region. The SWRCB based its action on the absence of
new information upon which to derive a 2,4-D limit
different rfrom that adopted by the NCRWQCB.

May 18, 1981:

SWRCE stafr report (Appendix 1) reviewed current iy
available 2,4~D toxicology and environmental fate
information. The Regioual Board's 20 ppo iimit 1or 2,4-1
esters was supported by the Department of Fisn and Game and
State Board staff with the recommendation that the
receiving water iimit be related to the duration of
exposure, :

May 19, 1981:

An SWRCB puolic hearing was neld on the NCRWUCB Basin Pian
Amendment which proposed limiting 2,4-D concentration in
receiving waters to i0 ppb.

Juiy 1, 1381:

SWRCB stafl review of issues raised ac the May 19, 1951
hearing (Appendix 2) recommended that 2,4-D receiving water
limits be developea using November 1360 EPA aethodology
(Reference 1). The limits include two numbers, a time
dependent 24-hour average and an instantaneous maximum
value. .

July 16, 1981;:

SWRCB remanded the North Coast kegional Board Basin Pian
Amendments with a recommendation that the Regional Board
adopt a two-number limit or 40 PPb 2,4-D acid equivalent
(instantaneous maximum value) and 2 ppb 2,4-D acid
equivalent (24-nour average). The two-number limit was
developed using the 1980 EPA eriteria development
methodology. It was applied to the PGBE ester, the most
widely used 2,4-D compound in the north coast region at
that time, According to EPa, California Wwas the first
state in the nation to develop water quality limits for a
toxic organic compound using this new me thodology.




September 3, 1981:
The NCRWQCE auopted the State Board-recommenced limits of
40 ppb and 2 ppb for ail esters of

2,4-D.

September 17, 1981:
SWRCB approved the 40 ppb and 2 ppb limits adopted by tne
Regional Board.

The State Board recognized the need to develop site=-
specific data on 2,4-D in North Coast waters using native
species. Staff was directed to develop 2,4-D acute and
chronic toxicity data on aquatic species of ecologicazi and
economic importance to this region. A 2,4-D study group
comprising local, state, and federal agencies, timber
incustry and publice interest group representatives, and
chaired by the State Beocard's Toxics Special Project
Manager, was formed to provide input into this study and
review tne results before presentation to the Board for
approval.

During the planning stages of this study, the timber
industry announced that for the fall 1981 season, the
2,4-D BEE (butoxyethanol ester) formulation would be usea
in place of 2,4-D PGBEE.

February 16, 1982:

SWRCB staff report highlighted issues related to the chnange
to 2,4~D BEE from 2,4-D PGBEE (Appendix 3).. The 2,4-D
study group recommended modifying the aquatic toxicity
study design to compare relative toxicities of both 2,4=D
formuiations. Due to budgetary constraints, the scope of
the original study was reduced to the following components:
(1) continual flow acute toxicity tests for two iish
species; (2) continual flow chronic biocassay for one fisn
species; (3) water quality mouitoring of 2,4-D in runoff in
cooperation with the USFS at one site during spring and
fail 1983. The acute tests were performed using 2,4-D
PGBEE and 2,4-D BEE, while the chronic test was performed
with 2,4-D BEE.

December 2, 1982:

The NCRHQCB amended the two-number (40 ppo and 2 ppb) limit
in the Basin Plans to apply exclusively to 2,4-D PGBEE
because these guidelines were developed using only 2,4-D
PGBEE toxicity data. The Regional Board alsc issued Waste
Discharge Requirements for aerial spraying of 2,4-D BEE
limiting receiving water concentrations to 10 ppb 2,u4-D.
Regional Board staff had recommended a iimit of 20 ppo;
public interest group members recommended a zero limit;
timber industry representatives recommended a protective
two-number 1limit of 280 ppb and 37 ppb (instantaneous
maximum and 24-~-hour average limit respectively).




darch 17, 1983:

SWRCEH approveu the North Coast Regional Boarc Basin Plan
Amendments restricting the 2,4-D two-number iimit of 40 ppo
and 2 ppb to 2,4-D PGBEE only.

June 14, 1983:

The North Coast Regional Board Staff Report recommended
control of aerially applied 2,4-D and other pesticides
applied to Euolic lands through Best Management Practices
(Reference ), The bases for these BMPs are guideiines
issued by the California Department of Food and Agriculture
(DFA) and individual county agricultural commissioners.

July 28, 1983:
North Coast Regional Board adopted Best Management Practice
guidelines as Gescribed in June 14, 1983 stafr report.

March 17, 1983:

SWRCB approved the North Coast Regional Board Basin Plan
Amendments restricting the 2,4-D two-number ilimit of 40 ppb
and 2 ppb to 2,4-D PGBEE only.

June 14, 1983:

The North Coast Rexional Board Staff Report recommended
control of aerially applied 2,4-D and other pesticides
applied to publie lands through Best Management Practices
(Reference Ef; The bases for these BMPs are guidelines
issued by the California Department of Food and Agriculiture
(DFA) and individual county agricultural commissioners.

July 28, 1983:
North Coast Regional Board adopted Best Management Practice

guidelines as described in June 14, 1983 staff report.

September 1983:

North Coast Regional Board adopted Waste Discharge
Requirements for aerial spraying of 2,4-D BEE to a timber
harvesting company iimiting receiving water concentrations
of 2,4-D BEE to 10 ppb.

November 2, 1983:

Results of the 2,4-D Study Group-designated acute and
chroniec toxicity tests performed by the California
Department of Fish and Game (Reference 5) were presented to
the SWRCB (Reference 6).

The test results and conclusions were obtained under the
following conditions: <Continual-flow tests were conducted
to determine acute toxic efrects of two difrerent 2,4=D
esters (PGBEE and BEE) on two salmonid species, juvenile
chinook salmon (Oncorhynchus tshawytscha) and steelhead
rainbow trout (Salmc gzairdneri). A continual-flow chronic
toxicity test with early life stages of chinook salmon




{eggs-to-rry) was conducted to determine erffects of 2,4-D
BEE on survival and growth.

The acute lethal concentration after 96 nours of exposure
(LC50 tests) indicated that 2,4-D BEE was slightly less
toxic (327 to 601 ug/i) than tune PGBEE formulation (313 to
454 ug/l). Based on reduced survival and growth of chinook
salmon larvae and fry in the laboratory test, the estimated
maximum acceptable toxic concentration under continual-flow
chroniec conditions was determined to be 40 ppb (ug/l)

2,4-D BEE. The contractor noted in the study report that
growth differences may uave occurred at concentrations
below 40 ppb if iab instruments had allowed measurements
with a greater degree of precision.

State Board staff presented a paper to the fifth annual
California Forest Vegetation Management Conference which
summarized the 2,4-D aquatic toxicity study resulits as well
as tne regulatory roles and responsibilities of the State
and Regional Boards (Reference 7)

January 1984:

Results of the 2,4-D Study Group-designated field
monitoring studies were submitted to the SWRCB

(Appendix 5). The stuuies demonstrated for tne first time
under California conditions that carefully planned and
executed Best Management Practices could prevent 2,4-D
from entering north coast streams in harmful
concentrations. Even after a "worst case" storm event
condition, no stream sampie showed 2,4-D in excess of 2

ppb.

March 29, L904

North Coasn Regional Board recommended control of aerially
appiied 2,4-D and otner herbicides applied to private lands
through Best Management Practices (Reference 9;. The pbases
for these BMPs are guideiines issued by the California
Department of Food and Agriculture and the U. S. Forest
Service.

May 31, 1984:

North Coast Regional Board adopted Best Management Practice
guidelines as described in March 29, 1984 staff report
(Reference 9).

SUMMARY-=Silviculture
The documentation by the 2,4-D study group verifies the aoiiity
of dischargers even during "worst case" storm events to maintain

2,4-D in north coast streams opelow narmfuli ievels if "Best
Manazement Practices" are followed. As a regult of this

f‘iﬂ_
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Tnese practices are reguiated 0y tne Department of Food and
Agricucture aua the County Agricultural Commissiouers. The WNoi th
coast Regional Board on May 31, 1984 adopted as a Basin Plan
Amerument this BMP approach ror 2,4-D application to privately
owned timber lands. These amendments incorporate provision for
waiving Waste Dischnarge Requirements when the approvea BMPs are
used to protect water quality. The controversy surrounding this
issue nas not compietely disappeared. Groups representing public
concern continue to oppose aerial application of 2,4-D and
Support numerical water quality .Limits. Careful meititoring for
2,4=D in subsequent use seasons will determine whether

toe reliiance on BMPs to protect water quality is fully Jjustirfied.

III. Water Hyacinth Control

Iu the last few years, the acceierated growth of floating
water hyacinth plants has impaired navigation in some of

the smaller channels of the Sacramento-San Joaquin Ueita.

In response, the California Legislature adopted SB 3144

which required a program for hyacinth control administereu

by the Department of Boating and Waterways (DBW). One
control strategy considered the use of the nerbicides gLl
i L™ AV R W— i




ror sensitive agricultural and aomestic piants ana an
aaditional margin of safety against possible unknown human
nealth effects. 7The 1902 test spray data indicated that
mitigation measures used by the water hyacinth controi
program (e.g., not spraying within 50 yards of a water
intake) did maintain the 2,4-D DMA concentrations in intake
waters below 20 ppo.

Digquat use for this purpose will probably be limited since
it is more expensive and less efrective than 2,4-D DMA.
Diquat quickly and irreversibiy binds to plant matter and
clay particles. The EPA residue limit for diquat of 10 ppb
in water appears adequate for protection of puvlic health
and irrigation. The 1982 test spray data indicate: (1) tne
diquat residue limit can probably be met in the hyacinth
control program for water leaving the spray plot; (2) fisin
mortality did not occur below 10 ppb; and (3) some
moertality of aquatic invertebrates may occur witinin tne
spray plot only.

SUMMARY--Water Hyacinth

The Departument of Boating and Waterways in QOctober 1984,
announced the successful completion of the 1984 Water Hyacinth
Eradication Program in 3San Joaquin, Sacramento, and Contra Costa

counties. Formerly clogged waterways were opened for navigation
R : il -

maintain 2,4-D concentrations below the State Board recommended

¥ s N N :
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REVIFW OF NORTH COAST REGIONAL WATER QUALITY CONTROL BOARD -
RESOLUTION NO. 81-1 (BASIN PLAN AMENDMENT TO CONTROL
HERBICIDE DISCHARGES)

Conducted Under Supervision of Dr. G. W. Bowes

SUMMARY

The proposed North Coast Regional Water Quality Control Board Basim Plan
Amendment relating to discharge of three phenoxy herbicides (2,4,5-T;
2,4,5-TP; and 2,4-D) is reviewed. The prohibition against discharge of
2,4,5-T and 2,4,5-TP to water is supperted acknowledging the present EPA

ban and conmsent with this position from the California Department of Health
Services (DOHS). With respect to the proposed ten parts per billiom (10 ppb)
limit on 2,4=D in water, the limit is supported taking into account the
specific chemical form of 2,4~D most commonly used on north coast forest
lands and its persistence. The California Department of Fish and Game has
found the proposed limit to be reasonable in affording adequate protection
to aquatic resources and one that industry has indicated it can meet. (Seven
letters included as Appendix 1.) Current 2,4-D regulations and activities
of the U. S. Envirommental Protection Agency (EPA) are reviewed, as are

those of Canada and Sweden.

THE PROFOSED 2,4,5-T and 2,4,5-TP PROHIBITION

The North Coast Regional Board has recommended that "There shall be no
discharge of 2,4,5-T or 2,4,5~TP to waters of the state'. On January 22, 1981,
this limit and the Basin Plan Amendment were described and adopted in
Resolution No. 81-1. The resolution also states that DOHS recommends that

no TCDD ("2,3,7,8" chlorinated dioxin isomer) be present (a) in water used

for domestic consumption, and (b) in water inhabited by aquatic organisms

that may be consumed by humans. Since TCDD is a contaminant in 2,4,5-7

and 2,4,5-TP, the DOHS recormendation essentially means that the latter two
compounds also should not be in these waters. The Regional Board limit on
2,4,5-T and 2,4,5-TP follows this rationale.



TCDD is highly toxic and has the most stringent proposed water quality criterion
of all 129 EPA priority pollutants (March 15, 1979, Federal Register).

Its potential impact on human health and aquatic life are controversial.

The DCHS recommendations on TCDD and the Regional Board limits on 2,4,5-T

and 2,4,5-TP are deemed reasonable on the basis of existing information as

well as uncertainties concerning the toxicological implications of TCDD

and potential human health impacts resulting from spraying operations.

EPA has held hearings on 2,4,5-T for more than a year and may reconsider
its suspension of some 2,4,5-T uses. (Chemical and Engineering News, April 20,
1981, page 8).

THE PROPOSED 2,4-D DISCHARGE LIMIT

In Resolution No. '81—1, the Norgl:x-Coast Regiona*l‘ -lic;af‘d‘ also recommended that
concentrations of the herbicide 2,4-D not exceed 10 ppb in water for pro-
tection of aquatic life. The documentation supporting this recommendation

is contained in the "yellow binder"” submitted both to the Division of

Technical Services and the Toxic Substances Control Program. Additional

data is included in files located at the Regional Board and in tapes of

hearing transcript totalling approximately 40 hours. These recommendations
require careful consideration due to special features in the Region including
(1) the presence of many streams; (2) high rainfall; (3) steep terrain; and (&)
decreased soil water holding capacity due to removal of trees and other
vegetation. Together these characteristics enhance potential for runoff during
spray operations and periods of high rainfall.

1. ISSUES INVOLVED

The major technical issue is toxicelogical. The published information

on 2,4-D is considerable. The best single comprehensive source of
information on 2,4-D and other phenoxy herbicides was published by the
National Research Council of Canada in 1978. The title of the publication
is "Phenoxy Herbicides-Their Effects on Environmental Quality" (440 pages).

Various aspects of the 2,4-D toxicology issue are described in several
parts as follows:




THE 2,4-D FAMILY

The herbicide 2,4-D is really a number of different, yet
structurally similar compounds. They all have the basic
structure as that shown at the top of Attachment 1 (2,4-D
"acid"). They differ in the nature of the groups (amines,
esters) that are attached to the acid structure shown at the
top of the six-sided (benzene) ring. The significance of
these modifications is that they result in markedly different
toxicities of the various 2,4-D member compounds. The most
commonr 2,4-D compound used in the North Coast Region is the
propylene glycol butyl ether (PGBE) ester (see Attachment 1).

The reported 1980 use of various 2,4-D formulations in
California is shown in Attachment 2 in three tables.

TOXICOLOGY IN AQUATIC SYSTEMS

Chapter Six from the Canadian document referred toc above
(included in Attachment 3), provides a good description of
what we know about 2,4-D effects on all levels of aquatic
food chains from the primary, photosynthetie producers
(algae) to fish. It includes a description of laboratory
data, as well as observations made in the field.

3.1 Primary Producers. Algal cells in culture "do not appear
to be very sensitive to phenoxy herbicides". Sensitivities
were recorded in the parts per million. (ppm) range.

3.2 Invertebrates. The zooplankton, which feed on the micro-
scopic plants, give the first indication that 2,4-D has
different toxicities depending on the particular structure.
The 2,4-D "esters” can be much more toxic than the 2,4-D
"salts". The most sensitive species apparently is the
common animal plankton, Daphnia. It is "immobilized"

(H. 0. Sanders, personal communication) by 100 ppb of 2,4-D
PGBEE (48 hour TLgg). A concluding remark on the invertebrates
is as follows: ™"The literature on invertebrates was lirited;
unfortunately, no data were available on sublethal effects

such as reproductive behavior."
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3.3 Fish. Acute toxicity data indicates again that "The ester formulations
are most toxic..." A comparisom of the acute toxicity of 2,4-D to
bluegills shows that the acid and amine salt formulations can be
1000 times less toxic tham the esters., The differemces are concentra-
tions greater than 800 ppm compared to about 0.8 ppm, respectively.

3.4 Secondary effects may result from entry of phenoxy herbicides into
water. This impact can reverberate through the food chain by de-
creasing aquatic vegetation which provides shelter for animals, or
by killing a species that is food for another species. This type
of cause-amd-effect relatiomship would be difficult to determine for
2,4-D. A discussiomn of the bioconcentration of 2,4-D in aquatic
ecosystems is included also in Attachment 3.

THE 10 PPB LIMIT - CAN WE LIVE WITH IT?

The literature described above shows that aquatic organisms are sensitive

to certain 2,4-D formulations down to levels as low as 100 ppb. Most of
that information is derived from short-term acute tests. Field exposure

of sensitive organisms or sensitive life stages are generally longer than
the duration of these acute tests., Therefore, concentrations lower than

100 ppb of 2,4-D could be having adverse long-term effects. The gap between
10 and 100 ppb begins to narrow when sub-acute and chronic effects are
conslidered.

A paper published in the same year as the Canadian review brings this gap

into focus. It comes from two scientists working at the U. S. Fish and

Wildlife Service Laboratory in Jackson, Wyoming (Woodward, D. F., and F. L.

Mayer, Jr., 1978; Toxicity of three herbicides -~ butyl, isooctyl, and

propylene glycol butyl ether esters of 2,4~D - to cutthroat trout and lake

trout. U. S. Fish and Wildlife Service, Technical Paper No. 97, pp 1-6).

Two significant findings from this research were that (1) newly hatched fish

were much more sensitive to 2,4-D esters tham adults; and (2) the "no-effect”
2,4-D concentrations (based on survival and development) ranged from

24 to 52 ppb for butyl ester and PGBEE. The authors concluded that "these
concentrations could be considered the maximum acceptable continuous concentrations
for these species" (cutthroat trout and lake trout). These chronic tests were run
under dynamic conditions with 2,4~D concentrations maintained at specified

levels through 60 days after egg hatching.

An important observation in these experiments - not recorded in the paper -
is that although the chronic toxicity test lasted 60 days, "alevin" mortality
began in only 5 to 9 days after exposure to 2,4-D. ("Alevin" is the life
stage between egg hatching and the fry stage; the fry stage begins when the
fish have absorbed the yolk and begin feeding.) Tables 2 and 3 in the report
describe alevin % survival after complete yolk absorption. The yolk absorp-
tion period can last from approximately 21 days for cutthroat trout up to

35 - 45 days for lake trout based on the test temperature and particular

fish stock employed in the experiments. The cumulative mortality measure-
ments which were made through the full 60-day tests, show that alevin mortality
began at the following times: A. Cutthroat trout: 5 days at 44 ppb 2,4-D
butyl ester (BE); 9 days at 60 ppb PGBEE; B. Lake trout: 4 days at 60 ppb
BE; 6 days at 100 ppb PGBEE. (R. Koowlton, U. S. Fish and Wildlife Service,
Jackson WY, personal communication.) The 2,4-D concentrations described

are those for which statistically significant alevin mortality began to occur
(i.e., one concentration level above the "no effect" levels).
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A third significant finding resulted from simulating a field application

exposure (which cculd be related to z single spraying of 2,4=D). In this
experiment, 50 cutthroat trout were taken immediately after hatching and exposed
to 2,4-D under static conditions for seven days. They were then transferred

to uncontaminated flowing water after that period through 60 days after hatehing.
They found the maximum no-effect concentration under these conditions to be
between 100 and 500 ppb, and recommended that 100 ppb not be exceeded in

this type of field situation. Tests were not performed on eggs or om other

ages of the young fish to determine their sensitivities to 2,4-D.

Canadian scientists have determined that the 2,4~D butoxyethyl ester LCsy

for rainbow trout is between 200 and 400 ppb, expressed as an acid equivalent
(D. W. Martens, et al. 1980, Toxicity of butoxyethyl ester of 2,4-D to
selected salmon and trout. International Pacific Salmon Fisheries Commission.
Progress Report No. 40, New Westminster, B. C., Canada).

Considering all this information, a 2,4-D limit of 10 ppb appears to be

an acceptable limit to protect trout while providing a reasonable margin

of safety. Until new information is brought to our attention, we can assume
that this limit will protect other aquatic life also.

The most sensible interpretation of this limit requires a closer focus on
the 2,4-D family of compounds, as described in the concluding section.

3. WHAT IS EPA DOING?

5.1 Water Quality Criteria for Phenoxy Herbicides

In its 1972 "Blue Book", EPA recommended a limit for 2,4-D butoxyethanol
ester at 4 ppb for protection of aquatic life. The newer (1976) "Red
Book" does not give a limit. According to Alan Rubin, Chief of EPA's
Criteria Sectiom, Office of Water Regulations and Standards, EPA is
now revising all criteria for the phenoxy herbicides and may have their
draft recommendations for public comment into the Federal Register by
June 1981. The proposed criteria would apply to 2,4-D;: 2,4,5-T; and
2,4,5-TP. EPA hopes to have final criteria by the end of 1981. The
initial data gathering and review is being done by Syracuse Research
Corporation under contract to EPA. On May 13-15, 1981, the Syracuse
staff and its own outside peer reviewers will meet and discuss their
preliminary data collation. The "magic numbers" may not be decided
upon at this meeting. However, shortly thereafter, through a series
of communications among the same people, those numbers will be decided
upon. The recommendations and supporting rationale will thenm be sent
to EPA. EPA will first conduct an in-house review which will involve
review by its national freshwater research laboratory at Duluth,

After the in-house review is complete, EPA will solicit public comment
via the Federal Register. Subject to EPA approval, Syracuse Research
Corporation will be sending me a draft copy of their recommendations
to EPA, '

Mr, Rubin emphasized that EPA is using a '"new methodology" tc derive
water quality criteria (known"to us). The "old methedology" involved
finding a concentration that a species was most sensitive to, dividing
this concentration by a factor relating chromic to acute toxicity

(most commonly 100), and setting that as the water quality criterion.
With the new methodology, EPA is not necessarily attempting to protect
the most sensitive species. The new philosophy is that "no one organism
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is the key to the community". EPA is going to bok at the "whole
comnunity” in setting criteria and this may or may not involve keying
into the most sensitive species. Mr. Rubin said, "We are trying

to be realistic.” He also added that the new methodology is data
intensive. If not enough of the right kind of data is available,

and this must include both acute and chronic toxicity data, then

EPA will issue "summary statements” in place of criteria.

5.2 Data Requirement to Maintain Registration of 2,4-D

In 1979, EPA began a review of potential health effects of 2,4-D.

This was ipitiated because of the controversy surrounding the closely
related compound, 2,4,5-T. As a result of this review, EPA concluded
that 2,4-D use does not pose an imminent hazard when used according to
label directions and that there is no need to remove it from the
market ("2,4-D Fact Sheet", April 22, 1980).

At the same time EPA recognized that the majority of the data used

to support registration of 2,4-D products had been develcoped through
studies that do not meet today's standards for test protocels (2,4-D
products have been in use since the 1940's). EPA comcluded that "there
are significant information gaps in several areas including cancer-
potential, reproductive effects, neurotoxicity, and metabolism in
animals". On August 29, 1980, EPA issued an "Order and Notice" to
2,4=-D registrants requesting specific toxicological information or
2,4~D. This order was modified and clarified in a subsequent order
isgsued Jamary 27, 1981, (both were issued under authority givem to

EPA under FIFRA - the Federal Insecticide, Fungicide and Rodenticide Act).

Industry responded to this directive by developing a collaborative
study approach that involves 7 registrants (including Dow, the major
mamufacturer) together with EPA and Agriculture Canada. Report due
dates for the eight required studies are listed in the August 29, 1980,
order. They range from May 1, 1981, to December 1, 1983.

6. THE SWEDISH EXPERIENCE

Considering the significant amount of envirommental chemistry work dome in
Sweden, I was curiocus about their regulations on 2,4~D, I called

Dr. Soren Jensen, formerly with the Swedish Enviromment Protection Beoard

in Stockholm. Briefly, he said that Sweden surprisingly is an "undeveloped
country" with regard to regulation of chemicals in water. There is, however,
a prohibition against direct application of 2,4~D to water.
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Although the available toxiecity data on the "2,4-D dioxins" have not shown
cause for alarm, Canada is taking some regulatory action. There are

three reasons for this. First, 2,4~D is used or food crops;

second, chlorinated dioxins are chemically related to TCDD although their
toxicology is not well defined; amd third, the concentratioms of di, tri,
and tetrachlorodioxins combined reached up to 7.5 ppm in the 2,4=D. The
Canadian regulatory action includes (1) banning the sale by manufacturers
of the 2,4~D products shown to have dioxins in the highest amounts (greater
than 1 ppm), the "iso-cctyl" and "mixed butyl” esters; and (2) ensuring
that all 2,4-D is essentially "dioxin-free" by 1982. Use of the second
2,4-D type found to coatain dioxins, the dimethylamine salt, will continue
in Canada. Chlorinated dioxins in those formulatioms (di, tri, and tetra
combined) did not exceed 862 ppb.

With respect to 2,4~D itself, there are apparently no standards or criteria
for protection of aquatic life from 2,4-D in Canadian waters. The only
standard for 2,4-D in water is 0.1 ppm for drinking water (which is the
same as EPA's 2,4-D criterion for potable wgter in the 1976 Red Ronk).

Based on telephone conversations with EPA's Office of Pesticide Program
staff in Maryland and Virginia, dioxin levels in American 2,4~-D appear

to be significantly lower than in Camadian 2,4~D. A preliminary study of
approximately 30 American 2,4-D formmlations showed that chlorinated dioxins
were present in only three formulations. All three had the 2,7 dichioro-
dioxin at less tham 60 ppb. Twoc of these three had 1,3,6,8 tetrachlorodioxin
at 1-5 ppb. This study was directed toward analyzing the American 2,4-D

for the same dioxins identified in the Canadian study. A collaborative
study is now underway between Agriculture Canada and EPA to look for addi-
ticnal chlorinated dioxin isomers and to verify a standard analytical
methodology for these compounds. According to EPA, the reason for the
difference in dioxin content betweer the Canadian and American products

may be production methods. In the United States, 2,4-D esters and amines
are produced through an acid intermediary. In Canada, 2,4~D esters are
produced by direct esterification. This procedure apparently enhances

the producticn of dioxins.

We have requested specific information, which should be forthcoming
shortly, concerning chlorinated dioxins in the 2,4-D product most widely
used in the North Coast region, namely PGBE (propylene glycol butyl ether
ester).

It should be stressed that the chlorinated dioxin of most concern (ICDD,
the 2,3,7,8 isomer) has never been found in 2,4-D from any source.

2,4=-DICHLOROPHENOL
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(2) "flavor-impairment studies with 2,4-dichlorophencl showed that flesh
tainting in fish occurred at substantially lower concentrations than those
that produced other adverse effects on plants, fish and invertebrate species."

According to Dr. Frank Gostomski (EPA Office of Water Regulations and
Standards, Criteria and Standards Division), the lowest recommended
2,4=dichlorophencl criteria to serve as guidance for protection of freshwater
aquatic life are 2020 ppb for acute toxicity, and 365 ppb for chronic toxi-
¢city ~ which is significantly higher than the recommended limit for 2,4-D.
These concentrations are referred to in the criteria document. In this
document also, a concentration of 70 ppb was noted to harm young rainbow
trout. However, Dr. Gostomski stated that the work which produced this
information was not conducted according to standard protocol. He added

that the study was "unique” and the results difficult to interpret. EPA-
supported research is om~going to develop fimal criteria for 2,4-dichleorophencl.

The lowest water concentration of 2,4-~dichlorophencl reported to taint the
flavor of fish flesh was 0.4 ppb. The comparable concentration for 2,4-D
dimethylamine salt is 50 ppb, an effect which can be reversed in several
days if the fish is placed in uncontaminated water. (L. C. Folmer, 1980.
Bull. Environ. Contam. Toxicol. 24,217-224).

10. IS THERE A "SAFE" 2,4-D?

The more toxic 2,4~D esters are used to control plants competing with conifers
because they are more oil soluble and, therefore, penetrate the leaves

better than other formulations. Further, those esters with the shorter

chain penetrate more readily than those with longer chains (see Attachment

1). One of the longer chain esters used in the North Coast region is less
volatile than the other 2,4-D compounds. The trade-off here is that this
ester is both effective and less likely to volatilize and drift into

adjacent agricultural areas, e.g., vineyards in Mendocino. Dr. Steven
Radosevich, a professor of botany at U. C. Davis, suggested that an oil
soluble amine-type of 2,4-D compound would be somewhat less effective in

the forest, but much less toxic in the water. This type of change in applica-
tion practice of herbicide to mitigate adverse effects on water quality
requires further investigation. The advantages and disadvantages of the
different 2,4-D structures with respect to potential harm to stream life

and to humans, and usefulness in the forest should be studied, preferably

by the manufacturers wishing to use this chemical in California.

11. 2,4-D CONCENTRATIONS IN NORTH COAST STREAMS

Approximately 75 to 100 "spray unit" analyses have been made for 2,4-D

in North Coast waters between 1974 and 1980. (A "spray unit" consists

of measurements before, during, and after a spray incident.) The analyses
were performed by laboratories under contract to the Regional Board,

U. S. Forest Service, Department of Food and Agriculture, and other agencies.
Since April 1978, when waste discharge requirements went into effect,
2,4~D concentrations in the water ranged up to 18 ppb (except for ome
enforcement case where the concentration exceeded this), Most measurements
were below 10 ppb. Most analyses since April 1978 have been positive for
2,4-D (but below 10 ppb) when water was sampled during or after the
spraying period. .




12. CTHER CONSIDERATIONS

As indicated above, contaminants, such as dioxins, complicate interpretations
of phenoxy herbicide toxicity. An additional issue with many pesticides

that has not been addressed is the toxicity of (1) solvents used to dilute
them; (2) "minor" component pesticides that may be mixed with the major
constituent; and (3) the combined ingredients comnstituting the pesticide

mix. With respect to solvents, 2,4~D in the North Coast region can be mixed
with diesel oil and stove oil. The clarification of the toxicity of this

use of petroleum is an issue which needs to be addressed.

13. RECCMMENDED STRATEGY

13.1 The 10 ppb 2,4-D limit should be applied to areas where the
toxic 2,4-D esters are .used. The areas would include watersheds
where only esters are used and where other forms in addition to esters
are sprayed. The reason for this latter stipulation is that once
the herbicides enter water they "hydrolyze" to common forms. COne
could not determine in this circumstance if the "parent” compound was,
for example, an ester or an amine. The limit should, therefore, be
based on total 2,4~D detected in the water. This is easily achieved.
The common analytical procedure converts all forms of the 2,4~D herbicide
and closely related metabolites to the fundamental 2,4-D acid
structure. The measurement is then made on the acid. The 2,4-D
used in the North Coast region is the same as that used in the
Wyoming experiments - the propylene giycol butyl ether ester. Cut-
throat trout, cne of the species tested in Wyoming is also found in
the North Coast. The relationship between the Wyoming laboratory
study and the North Coast field situation is close because both the
2,4-D structure and the fish species were similar.

If no 2,4-D esters were used in a watershed, and only amine salts
were, for example, the State Board could consider a water limit
somewhat higher than 10 ppb for that watershed. I do not, at presecnt,
recommend a specific limit for the North Coast region in this situation
for the following reason. The California Department of Food and
Agriculture 1980 Pesticide Use Report shows that most of the 2,4-D
used on forest and timberland is PGBE ester (20,102 1b.) (Attachment
2). The amount of 2,4~-D amine used in 1980 for forest and timberland
was only 823 1b. Qur preliminary information on 1981 use indicates
that the ester will be the predominant form used. If the Wyoming
experiments on trout had been done with the amines as well, this
would have provided a readily comparable basis for 2,4-D amine.
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'
13.2 All the laboratory experiments have an element built into them that

13.3

we should alsc consider - and this is time. Although a test
concentration of 2,4~D can be comparable to a field concentration
(e.g., directly after spraying), there is an important difference.
The fish, or other organism, in the test situatiom is held in a
container that continually exposes the animal to the same water and
toxicant for a period of time, Given that situation, and it is the
basis for most aquatic toxicity estimates, the 2,4-D limit requirement
should specify a minimum time, perhaps 24 hours, that the 2,4~D
mist be in the water at the concentration limit.

The 2,4-D concentration to be compared with the 10 ppb limit would
be an average of concentrations determined for this period., For
example, it could be an average of concentrations determined for
two samples taken 24 hours apart.

In the one field simulation experiment described above (with
cutthroat and lake trout), the observed no-effect concentration for
the young, developing fish was 100 ppb for a 7-day exposure, compared
to no-effect concentrations ranging from 24 to 52 ppb for 60 days
exposure. Obviocusly, the longer the exposure time the lower the no-
effect concentration. The essential point here is that the limit
must be based on measurements made over a period of time. Following
good analytical practice, the measurements also should be done at
least on multiple (preferably triplicate) water samples at an
appropriately certified laboratory.

A complementary research program is recommended to identify

2,4=D fleld concentrations which are harmful to California’s
freshwater aquatic life. The limit would then depend less on data
extrapolated from other situations. It could then be modified

on the basis of site-specific California experience.

Development of this program would bemefit from active public parti-
cipation and imput, particularly representatives from industry,
North Coast citizen groups, University of California researchers,
as well as state and federal scientists knowledgable in this area.

The proposed program would imvolve development of field amalytical
capability for rapid detection of 2,4-D in ambient waters as well
as chronic toxicity indicators.
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Chronic toxicity measurements will require expertise in fish develop-
ment and pathology and in envirommental chemistry as well as specialized
equipment. Much of this is available at the University of Califoruia,
Davis (UCD) including the Medical School. Some of the people and
equipment are already working for us on the striped bass project.

Development of both the amalytical capability and the chronic toxiecity
indicator system would have wide applicability in Califormia.
Presently, live fish or dead fish appear to be the only indicators

of the health of our streams, except for measurements of certain
toxicants. We must, therefore, develop a means to measure chrenic
toxicity.

Attachments 1 and 2
Attachments 3,4 and Appendix 1 filed with
Technical Services Divisiom




Attachment 1

CHEMICAL STRUCTURES OF 2,4-D FORMULATIONS
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Attachment 2

TABLE 1

Total Reported Use of Variocus 2,4-D
Formulations in Califormia in 1980

Amount Applied

Formulation {1b)
Salt 771,632
Ester 86,821
Acid 35,976
Total 894,429

Source: CDFA Pesticide Use Report, 1980




TABLE 2

Total Reported Use of Various 2,4-D
Salt Formulations in California in 1980

Amount Applied

Salt Formulation ‘ (1b)
Dimethylamine © 531,682
Alkanolamine - 214,196

(Ethanol & Isopropanol)

N-~Oleyl-l,3-propylene diamine 13,756

Dodecylamine 7,788
Tetradecylamine 1,951
Diethanolamine 1,151
Triisopropylamine 823
Sodium | 285

TOTAL 771,632

Source: CDFA Pesticide Use Report, 1980

Major Use

Wheat, barley, oats

Wheat, barley, corn

Wheat, barley, cora
Rights of way
Rights of way
Wheat, barley, turf
Forest/timberland

Asparagus



TABLE 3

Total Reported Use of Various 2,4~D
Ester Formulations in Calfformia in 1980

Amount Applied

Ester Formulation (1b)
Isococtyl 33,350
Butoxyethanol 23,701

Propylene glycol butyl ether 20,102

Propyl 4,577
Butyl | 1,892
Butoxypropyl | 1,181
Isopropyl 1,115
2-Ethylhexyl 903

TOTAL 86,821

Source: CDFA Pesticide Use Report, 1980

Major Use
Barley, wheat

Barley, wheat

Pasture, conifers
Forest/timberland, oats
Orange

Wheat

Rights of way, wheat
Commodity fumigation

Wheat
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BACKGROUND

Toxics staff prepared a previous review (May 18, 1981), of the North Coast
Regional Board Basin Plan Amendment to control herbicide discharge. The
report dealt with the proposed 2,4,5-T and 2,4,5-TP prohibition, the
proposed 2,4-D limit, toxicology of 2,4-D in aquatic systems, experiences
of other countries, the significance of dioxin contamination and break-
down products of 2,4-D, and actual 2,4-D concentrations in the north coast
streams. With regard to 2,4-D, the staff review supported the propocsed

10 ppb, 2,4~D limit with these conditions: (1) the limit would only be
applied to the ester form (in areas where 2,4-D esters are used; other
forms of 2,4-D, such as the amines, were specifically excluded); (2) the
limit would be based on an average concentration. for a cumulative time
period such as 24 hours; (3) the limit would be expressed as the "acid
equivalent"™ common denominator form of 2,4-D. Staff also recommended

that a site specific study be conducted in the North Coast Region to
identify 2,4~D field concentrations which do not harm freshwater aguatic
life in this region. This report amplifies the conclusions and recommenda-
tions of the May 18, 1981, staff report and deals with significant issues
raised at the May 19, 1981, hearing.

DEFINITION OF TERMS

" 2.1. Chemical Form of 2,4-D

Oof the twe major groups of 2,4-D, esters and amine salts, the
esters are generally much more toxic than the amines to aquatic
life., For one test species of fish (bluegill) which has been
exposed to a considerable number of 2,4-D compounds, the ester
formulations can be 1,000 times more toxic than the amine. From
our review of the literature, the proposed 10 ppb limit can only
be meaningfully related to the 2,4-D ester. The original staff
recommendation as outlined in the May 18 report (page 10) was "The
10 ppb 2,4-D limit should be applied to areas where the toxic
2,4-D esters are used. The areas would include watersheds where
only esters are used and where other forms in addition to esters
are sprayed”, The last sentence is now restated to read: "The
limit will be set for watersheds where esters are used exclusively
or as part of the total 2,4-D application”.

In view of the fact that propylene glycol butyl ether ester (PGBEE)
is one of the most toxic forms of 2,4-D to aquatic life, and is the
predominant form of 2,4-D presently used in the North Coast Region,
the receiving water quality limit should be based on the toxicology
of the PGBEE form.

2.2. "Acid BEquivalent" - A 2,4-D Common Denominator
Once the 2,4-D ester enters the water, it begins to transform to

the acid. The 2,4-D acid is the common building block of all
2,4-D forms - the "common denominator" (Attachment 1). The rate
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of transformation of the ester to the acid in the water depends

on several environmental conditions as described in Section 5

of this report. 1If a 10 ppb limit was stipulated based on analysis
of the ester, only a fraction of the 2,4-D that was sprayed might
be detected. The "total™ amount of 2,4-D in the water is more
closely approximated if the sample is analyzed for the common
dencminator acid form. The standard analytical procedure transforms
the ester and other 2,4-D forms to the acid.

Some authors express the concentration of 2,4-D in terms of the

form that was used (i.e., as the ester). Others express the con-
centration as the acid equivalent. To standardize our terms of
reference, we have, wherever possible, converted 2,4-D concentrations
reported in the literature to the acid equivalent.

2.3. Time of Exposure and Toxicoclogical Effect

Chronic toxicity tests identify the ranges of toxicant concentrations
that are harmful to organisms as well as the "no-effect" concentra-
tions. These tests are conducted over periods of time that encompass
development of one or more life stages, (e.g., 21 days for cutthroat
trout alevins). We have concluded from a review of the scientific
literature that a receiving water limit designed to protect aquatic
life from chronic toxicity is more accurately expressed if it speci-
fies a time of exposure. EPA has recommended a time pericd of

24 hours to minimize the likelihood that pollutant concentrations
will reach harmful levels for unacceptably longer periods. This will
avoid erroneous conclusions based on analysis of a single grab

sample taken at any particular time.

A single number criterion to protect against both acute and chronic
toxicity tends to overprotect for acute toxicity and underprotect
for chronic exposure. Although most of the chronic toxicity data
in the literature are based on gross indicators such as death or
size change, subtle effects, such as changes in reproduction rates,
ability to compete for food, and avoidance of predation, should not
be ignored. Thus, a chronic toxicity criterion acknowledges that
our present understanding of aquatic ecosystem interrelationships
is limited.

METHODS FOR DERIVING 2,4-D WATER QUALITY CRITERIA

The following discussion describes four different approaches that have
been developed for determining toxic substance receiving water limits.

For each approach, the calculated limit is stated first. This is followed
by an explanation of the approach used to derive it.

3.1. Use of General Application Factors
2,4-D Limit: 1.0 ppb 2,4-D PGBEE (0.62 ppb acid equivalent)

EPA's original methodology (1972 Blue Book) for deriving "safe”
levels to protect aguatic life from chronic toxic effects was




based on multiplying an acute LCS0* value for the most sensitive
species by 1/100 (an arbitrarily chosen application factor). This
calculation gave a concentration that was not to be exceeded for

a 24-hour pericd. Based on this method, the 2,4-D criterion for
the most sensitive species (Daphnia magna) is 1 ppb PGBEE (0.62 ppb
acid equivalent}. This criterion was based on the reported 48-hour
LCS0 equivalent expressed as immobilization (Sanders, 1970).

3.2. Experimentally Derived Application Factors
2,4-D Limit: 3.4 ppb 2,4-D PGBEE (2 ppb acid equivalent)

Relatively few long-term chronic tests have been run side-by-side
with acute toxicity tests. A large data base relating the two
kinds of toxicity would produce a range of application factors for
a range of toxic substances. An appropriate application factor
would then be selected for a toxic substance for which only acute
toxicity data is available.

An application factor for 2,4-D was first determined by Mount and
Stephan in 1967. They ran both (static) acute and (dynamic) chronic
tests on 2,4-D butoxyethanol ester. The concentration of 2,4-D
that would kill 50 percent of a minnow test population in 96 hours
{96 hr LC50) was determined., They also exposed yocung minnows to

_ the 2,4-D for approximately 10 months. The data they obtained
included (1) the highest 2,4-D concentration that had no effect on
growth and reproduction during this period; and (2) the lowest 2,4-D
concentration that caused some effect on growth and development.
The l0-month chronic toxicity concentration divided-by the 96-hour
LC50 resulted in an "application factor" of 1/19.

In 1978, a study appeared in the literature that relates more
closely to the present issue (Woodward and Mayer, 1978). Although
two forms of 2,4-D were used on two species of trout, the experi-
mentally derived application factor using only data from experiments
with PGBEE and cutthroat trout was 1/29. Because this information
most closely approximates actual field conditions in the North

Coast Region, this application factor should be used with this
methodology to derive a 2,4-D PGBEE ambient water quality criterion.

As indicated in Section 3.1., the freshwater aquatic species most
sensitive of those for which the data is available for 2,4-D PGREE

is Daphnia magna. The concentration of 2,4-D PGBEE causing 50 percent
mortality/immobilization is 100 ppb ester (62 pPpb acid equivaleﬁt).
Using the experimentally derived application factor of 1/29 (instead
of the arbitrarily chosen factor 1/100), the ambient water quality
criterion is 3.4 ppb 2,4-D PGBEE (2 pob acid equivalent).

* The LC (lethal concentration} 50 is the concentration of a chemical required
to kill 50 percent of the organisms within the time period of the test
(most commonly test pericds range from 24 to 96 hours).
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3.3.

3.4.

It should be noted that this calculation uses an application factor
based on fish sensitivity to predict a "no-effect™ concentraticn
for the most sensitive species - an aquatic invertebrate.

A table of application factors referenced in the literature for
protection of aquatic life is given in Attachment 2. The human
health safety factor of 1/500 is more stringent than the application
factor to protect aquatic life.

Attachment 3, Table 3, describes a derivation of application factors
{acute to chronic ratios) from the Mount and Stephan (1967) and
Woodward and Mayer {1978) papers.

No-Effect Lewel (NOEL) Concentrations

2,4-D Limit: 31 ppb 2,4-D PGEBEE (19 ppb acid equivalent)

A receiving water criterion based solely on long-term chronic toxicity data

would not include consideration of acute toxicity data and application
factors. The published chronic toxicity data most relevant to the
north coast issue are those of Woodward and Mayer (1978). This impor-
tant paper was discussed in the May 18, 1981, staff report. The sig-
nificance of the raw data relating to early alevin mortality is reviewed
in Section 4.

The highest concentration of PGBEE that had no effect on cutthroat trout
was 31 ppb (19 ppb acid equivalent). The period of cbservation for the
alevin stage of development was from 22 to 31 days. During the alevin
stage, the fish depend upon the yolk sac for nutrition.

Significant alevin mortality began at the next highest concentration of
2,4-D PGBEE: 60 ppb (37 ppb acid equivalent). The highest no-effect
concentration is, therefore, between 31 and 60 ppb PGBEE (19 and 37 ppb
acid equivalent).

A conservative estimate of the no-effect level would be the highest no-
effect concentration used in the experiment: 31 ppb 2,4-D PGBEE (19 ppb
acid equivalent). This concentration avplies only to the test species.

It will not necessarily protect other known and unknown sensitive species
of fish and aquatic invertebrates.

EPA's New Methodology
Maximum Instantaneous Value: 65 pob 2,4~D PGREE (40 ppb acid eguivalent)

24-Hour Average: 2.8 ppb 2,4-D PGBEE (l.75 ppb acid equivalent which
here is rounded off to 2 ppb) -

EPA's new methodology for deriving water quality criteria was developed
over a period of several years and was recently published in the Federal
Register (Nov. 28, 1980, pp. 79341-79347). This development included
inputs from four EPA Environmental Research Laboratories, careful con-
sideration of extensive public comments, and review by EPA's Science
Advisory Board. The methodology has been used to develop ambient water
quality criteria for 14 of the 65 Consent Decree priority pollutants,
including DDT and PCB.

Briefly, EPA's new methodology gives a two-numbered criterion:

1. Instantaneous maximum value: This is the Final Acute Value which
is developed from acute toxicity data for at least eight different
families of aquatic organisms.

2. Twenty-four hour average value: This is the lowest value of:
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(i) Final Chronic Value: This is obtained by either of
the following two ways depending on the number of
chronic toxicity data available.

(a) In the same way as pinal Acute value. This
requires chronic toxicity data for at least
eight different families of aquatic organisms,

{b) Where sufficlent chronic toxicity data are not
available, by dividing the Final Acute Value by
the Final Acute-Chronic Ratio (which is the
geometric mean of the Acute-Chronic poxicity
Ratios for at least three species of aguatic
organisms).

{ii} Pinal Plant value: This is the lowest plant toxicity
value. -

(iii) Final Residue value: This is calculated by dividing
the maximum permissible tissue concentration with the
preduct of bioconcentration factor and lipid content
of the species.

Sufficient acute toxicity data for 13 species and chronic data for
two species of aguatic organisms are available, although require-
ments that EPA identified for deriving the criteria could not be
satisfied in total. The data gaps for 2,4-D PGBEE in the published
literature include:

(i) Chronic toxicity data for an aquatic invertebrate. Few standard
procedures are available for chronic testing of aguatic inverte-
brates and PGBEE has not been studied with these procedures.

{ii) Final Plant Value. If a final plant value of less than 2.0 ppb
was obtained, it could only affect the 24-hour average limit and
only by lowering it. Newton (1877) proposed an irrigation water
level of 5 ppb for 2,4-D esters which includes a 5:1 safety factor
for certain crops. Aquatic plants, including algae, may be more
or less sensitive than these crops.

(iii) Final Residue Value. According to the published literature,
2,4-D does not biocaccumulate to any significant extent.

CUTTHROAT TROUT "ALEVIN" MORTALITY VS. 2,4-D DOSE AND TIME

Woodward and Mayer (1978) presented data concerning cutthroat trout mor-
tality and chronic effects during exposure to various forms of 2,4-D,
including PGBEE. The mortality figures indicated in the paper were the
total observed for the various life stages during the 60-day test period.
Mortality began to occur however as early as the fourth day after exposure
to 2,4~D for the "alevin® life stage (between egg hatching and the fry
stage) (Attachment 4). Even though this experiment was conducted as a
long-term chronic test, mortality during the first week in effect repre-
sents acute (short-term) data.

The raw data described in Attachment 4 was obtained on June 16, 1981. A
review of the data indicated that alevin mortality during the first two
weeks of the experiment was not significantly different from the control,
except for the highest dose used (77 ppb acid equivalent). Analysis of
raw data for lake trout yielded a similar conclusion. <California Depart-
megt of Figh and Game staff have been given a copy of the raw data from
this experiment and are conducting an independent statistical analysis,
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If gignificant alevin mortality was found to occur within the first

96 hours of the 60-day test, this information could be used to derive
a chronic toxicity criterion, using the appropriate application factor.
In view of the lack of significant difference in alevin mortality at
all doses tested during the first 96 hours, this information cannot be
used to derive chronic toxicity wvalues.

INFLUENCE OF pH AND TEMPERATURE ON HYDROLYSIS OF 2,4-D IN WATER

Decomposition of 2,4-D in water involves several processes, the first
and foremost of which is chemical hydrolysis. The hydrolysis is pH
dependent, being extremely rapid in the alkaline range and relatively
slow in the acid range. For example, data from Smith (1972) and

Zepp et al (1975) indicate that the half-life for hydrolysis (tX) of
several 2,4-D ester forms is as follows:

Effect of pH on Half-life for Hydrolysis of 2,4-D Esters (Temp., = ZBOC)

pH 6 9 11.2 13
Ester t4
{days) (hours) (minutes) (minutes)
Isopropyl 710 17 5 1
n-butyl 220 5 30 1

From kinetic data presented by Zepp et al (1975), the calculated
half-life for hydrolysis {(tk%) at pH 7.0 (neutral) and 289C is as
follows for a number of 2,4-D esters.

Ester Half-life at pH 7
(days)
Methyl 4.4
2-Propyl ’ 71
1-Butyl 22
1-0Octyl 22
2=-0ctyl 150
2=-Butoxyethyl 2.6
2-Butoxymethylethyl 18

The pH range of various north coast streams is as follows:

Rivers pH Range

Smith 7.2 7.8
Klamath 7.4 8.3
Eel 7.4 - 8.3
Redwood Creek 7.2 g.4
QOther smaller streams 7.0 7.6

No pH values below 7.0 have been observed in north coast streams.




The hydrelysis of 2,4-D ester is temperature dependent. As the tem-
perature increases, the rate of hydrolysis increases. The temperature of
north coast streams during the spray season is low (10 - ISOC). The
kinet%c data of Zepp et al (1975} for 2,4~D butoxyethyl ester hydrolysis
at 47 and %a C were used to calculate the hydrolysis rate and tk of the
ester at 10 C. These data are presented in the following table.

Effect of Temperature on 2,4-D Butoxyethyl Ester Hydrolysis (pH 7)

Tempgrature Hydrolysis Constant Half-life
{("C) (M—1 sec~1) (days)
47 235.0 0.3
28 30.2 2.6
10 5.9 13.86

In view of the above considerations the half-life for hydrolysis of
2,4-D esters in north coast streams would be expected to range from
several days to several weeks.

It should be noted that actual residence time of 2,4=D esters in wnarth




Subsequent to the May 18, 1981, hearing, Toxics staff received a copy

of a Department of Food and Agriculture (DFA) staff report titled
"Humboldt County Phenoxy Herbicides Water Monitoring®” by H. Van Cheney
{October 20, 1978}. The report includes a detailed description of site
conditions and analysis of time vs. 2,4-D concentrations during the April-
June 1978 spraying operations. Although several rainfall incidents
occurred during the test period, Best Management Practices recommended

by DFA were observed. WNumerous samples were collected for pericds of up
to 9 hours from several different sites in the spray area. From the data
in the report it is possible te calculate (1) the maximum instantanecus
values for 2,4-D, (2) the composite average value for the actual sampling
period, and (3) the theoretical 24-hour average value. (This value assumes
that the lowest measured 2,4-D concentration at the end of the sampling
period continues for 24 hours. Sampling intervals for the remainder of
the 24-hour period correspond with the last two actual sampling time
intervals.)

A summary of this report follows:

2,4~-D (ppb) acid equivalent

Sampling Sampling No.of Maximum Avg. During 24-hour
Date Duration Samples Instan- Sampling Averadge
Station (Hours) Collected taneous Period {Calculated)

4/18/78 Simpson Site

No. 1 . *
(Sampling Sta. 3) 9 10 © 1.0 0.26 0.14
6/23/78 Singley Creek 4.5 10 2.3 0.35 0.15
%
6/23/78 No Name Creek 7 9 9.0 1.90 1.24

* Simpson site resampled after 4 and after 34 days. Both samples were below
detection limits (0.1 ppb).

** No Name Creek site had initial spraying followed by secondary spraying during
a 2-hour interval.

It should be noted that both the instantaneous maximum value observed
during the comprehensive sampling program, as well as the calculated 24-
hour average value, were well below the 2,4-D acute and chronic criteria
derived from EPA's new methodology (Section 3.4. of this report).

Dr. Legan Norris, USDA Forest Service, Corvallis, Oregon, has commented

in a letter to the Board dated May 22, 1981, concerning the ratio of
instantaneous maximum levels of 2,4-D observed in Oregon streams compared
with 24-hour mean concentrations between 1964 and 1980. Dr. Norris has
concluded that the actual 24-hour mean concentration "is usually much less
than 10 percent of the instantaneous maximum level observed". The DFA
data indicate that the 24-hour mean concentration at these sites is less
than 15 percent of the instantaneous maximum value.




A report concerning analysis of steelhead trout from Northern

California rivers for 2,4~D was received by Toxics staff om June 22, 1981.
This report by the Bodega Bay Institute of Pollution Ecology titled
*Analysis of 2,3,7,8-TCDD, 2,4~D and 2,4,5-T in Steelhead Trout from
Northern California Rivers" was submitted on May 29, 1981, to the California
Departzent of Fish and Game.

Fish from six different sites were collected during October 15-20, 1980,
and analyzed for 2,4-D (Attachment S). The results indicate that for all
samples analyzed, 2,4-D concentrations were below detection limits.
Detection limits in fish tissue ranged between 0.069 and 1.3 ppb, depending
upon the weight of the sample analyzed. In addition all fish samples were
analyzed for TCDD (2,3,7.,8 tetrachlorodioxin). TCDD concentrations were
estimated to be below 10 ppt €0.01 ppb).

7. COTHER BENEFICIAL USES OF WATER

professor Michael Newton of Orsgon State University, prepared a report
for EPA titled "Silvicultural Chemicals and Protection of Water Quality”
{EPA Publication No. 910/9-77-036).

In this report, Professor Newton considered the growth requlating properties
of 2,4-D on sensitive commercial crops such as grapes, beans, potatoes,

and cotton. The report recommends that concentrations of 2,4-D in

irrigation water be maintained at lower levels than would be dictated for
drinking water or aquatic life protection. The proposed water quality
objective (24-hour average) for 2,4-D in irrigation water is 5 ppb.

This level is intended to provide a margin of safety of 5:1 below the minimum
limits of crop sensitivity.

A comnon by-product and decomposition product of 2,4-D in water is 2,4-
dichlorophenol. This compound has an EPA water quality criterion of

0.4 prb as a 24-hour average (110 ppb instantanecus maximum) to protect
against tainting of fish flesh. Insufficient data has been received from
the North Coast Regional Board to establish a firm correlation between
levels of 2,4-D PGBEE in water and its breakdown product 2,4-dichlorophencl.
From limited data obtained to date the 0.4 ppb limit for 2,4-dichlorophencl
would probably not be exceeded if 2,4-D PGBEE did not exceed the maximum
concentration in water observed during the April 1981 spraying season

{i.e., 12 ppb 2,4-0 acid equivalent).

8. CONCLUSIONS

8.1. The PGBEE is the predomlnant form of 2,4~D presently used in the
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8.3.

8.4.

8.8.

8.9.

3.10.

8.11.

Instantaneous grab samples are sufficient for estimating 2,4-D
concentrations in relation to acute toxicity limits. Chronic toxicity
limits are time dependent. Samples collected for at least a

24-hour period are required for estimating 2,4-D concentrations in
relation to chronic toxicity limits.

A single number criterion for both acute and chronic toxicity
may overprotect for acute toxicity and underprotect for chronic
exposure.

Experimentally derived application factors based on tests of both
acute and chronic toxicity are preferred whenever available over
general application factors.

"No-effect level™ (NOEL) criteria identify concentrations of toxic
substances which do not appear to harm a particular aquatic species
during a chronic exposure time. They do not attempt to provide
protection for other known or unknown sensitive species of fish,
insects and aquatic invertebrates.

EPA's new methodology is based on a comprehensive approach which
aims to protect a wide array of plant and animal species in the
aquatic ecosystem. This methodology provides a two-number criterion
to distinguish between the need for different levels of protecticn
from chronic and acute toxicity effects.

The alevin mortality data of Woodward and Mayer (1978) provides
valuable information for deriving chronic toxicity criteria and for
use with EPA's new methodology. The lack of significant mortality
differences between controls and 2,4-D exposed cutthroat trout alevins
tested during the first two weeks of the chronic test does not allow
calculation of lower chronic toxicity criteria than those described

by the authors in their original paper (1978).

The half-life for hydrolysis of 2,4-D esters in north coast streams
would be expected to range from several days to several weeks de-
pending on temperature, pH, and 2,4-D ester form used.

Since April 1981, most water samples collected by the North Coast
Regional Board were found to contain less than detectable amounts
of 2,4-D acid eguivalent. These data and the field data collected
by DFA in 1978 show that the maximum instantaneous value and 24-hour
average value calculated according to EPA's new methodology (40 and
2 ppb PGBEE acid equivalent, respectively), can be met if Best
Management Practices are followed.

Analyses of six steelhead trout from Northern California streams
showed concentrations of 2,4-D to be below the detection limits
ranging from 0.069 to 1.3 ppb. Assuming these trout have been
exposed to 2,4-D, the findings tend to support previous experimental
findings that 2,4-D does not biocaccumulate to any significant extent
in fish tissue.
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8.12. The maximum concentration of 12 ppb 2,4~D reported by North Coast
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ATTACHMENT 3
SUMMARY

2,4-D PGBEE (Propvlene Glycol Butyl Ether Ester) Ambient Water
Quality Criteria Based on EPA's Most Recent Methodology

CRITERIA:

The 2,4-D PGBEE ambient water quality criteria are 1.75 ppb {acid equivalent)
as a 24-hour average and the concentration should not exceed 40 ppb (acid
equivalent) at any time. Refer to Federal Register, Volume 45, No. 231,

po. 79341 - 79347 for the complete stepwise calculation of the criteria.

1. The acute toxicity values of 2,4-D PGBEE used to calculate the final
acute value are given in Table 1. The number of species (N) for which
the acute toxicity data are available is 13. Table 2 shows the log mean
acute toxicity wvalues of the 13 species arranged from low to high,
together with the intervals and cumulative proportion. A plot of the
data (Figure 1) from the two mean acute values and cumulative proportions
closest to 0.05 log concentration gives the final acute value of 40 opb
{(acid equivalent).

2. Tzble 3 gives the ratio of acute to chronic toxicity available for 2,4-D
esters in the literature. The geometric mean of PGBEE ratios gives the
final acute-chronic ratio of 22.9. Note that the calculation of this
ratio does not include the data for butoxyethanol and butyl esters given
in Table 3. If those data were included, the final acute-chronic ratio
would be 24. -

3. When the final acute toxicity value of 40 ppb is divided by the final
acute-chronic ratio, a final chreonic value of 1.7 ppb {(acié eguivalent)
is obtained.

4. Data reguirements are not completely satisfied:

(1) Data to calculate the acute-chronic ratio for an aquatic
invertebrate is not available.

{ii) The 24-hour average value here is based on the final chronic
value alone, i.e., it does not incliude the Fipnal Plant Value
and the Final Residue Value. However, even with these limita-
tions, the final criteria should be walid. That is, they will
never be lower unless the Final Plant Value is less than the
Final Chronic Value. The Final Residue Value is not considered
because 2,4-D apparently does not biocaccumulate to any signifi-
cant extent.
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TARLE 1

2,4-D PGBEE Acute Toxicity to Aquatic Organisms

Exposure LC50 ppb Log.
N Species Time (hr.) (acid equiv.) LC50 Rank  Reference
Fish:

1 Rainbow Trout 48 1100 . 3.04 Walker (1971)
" . " 960 2.98 FWPCA (1968)
" n n 1100 3.04 Bohmont (1967)
" " e 1100 3.04 Cope (1964)

Geometric Mean - 1060 3.03 5

2 Bluegill " 2100 3.32 10 Hughes &

' Davis (1963)

3 Lake Trout - 96 588+ 2,77 4 Woodward &

Mayer (1978}

4 Cutthroat Trout " 550%* 2.74 3 " "

5 Longnose Killifish 48 4500%** 3.85 12 Butle? {1865}

6 Redear Sunfish 96 3100** 3.49 11 Walker (1964)

Crustaceans:

7 Daphnia 48 62 1.79 1 Sanders (1970}

8 Seed Shrimp n 197 2,30 2 " "

9 Glass Shrimp " 1666 3.22 9 n "
10 Scud . 1604 3.21 8 " r
11 sowbug . 1357 3.13 6 " "

Insect (Stonefly)
12  pteronarcella badia 96 1481 3.17 7 Johnson &
Finley (1980)
13  ptercnarcys californica " 1604 3.21 8 " "
o Geometric mean of 9 acute toxicity values.
*% The literature does not indicate ester or acid form.

- =15~



TABLE 2

ATTACHMENT 3 (contd.}

Log Mean Acute Toxicity Values Arranged in Ascending Order

Log mean Intervals
Acute of 0.11 Cumulative
N Species Toxicity log units Proportion
1l Daphnia 1.79 I 1/13(0.08)
2 Seed Shrimp 2,30 i1 2/13(0.15)
3 Cutthroat Trout 2.74 ITI 4/13(0.31)
Lake Trout 2.77
5 Rainbow Trout 3.03
_ v 6/13(0.46)
6 Sowbug 3.13
7 Stonefly (P. badia) 3.17
8 Stonefly (P. californica) 3.21
9 Scud 3.2 v 16/13 0.77)
10 Glass Shrimp 3.22
11 Bluegill 3.32 VI 11/13 0.835)
12 Redear Sunfish 3.49 VIiI 12/13 ©0.92)
13 Longnose Killifish 3.65° VIII 13/13(1.00)
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ATTACHMENT 3 (contd.)
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ATTACHMENT 3 (Contd.)

FIGURE 1. Plot of Acute Toxicity Data of 2,4~D PGBEE
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ATTACHMENT 4

CUTTHROAT TROUT "ALEVIN" MORALITY (CUMULATIVE)
vs. TIME* AND 2,4-D DQOSE

(Number of dead Alevin/50 eggs initially in test) Ref: Woodward & Maver,
Dose (ppb} as PGBEE and Acid Equivalent (unpublished data)
Time Control 6.5 15 3 60 124
Days from Zero 4 A.E. 10 A.E. 19,2 A.E. 37 A.E. 77 A.E.

Start of Test

1 0 0 0 0 0 0
2 0 0 o 0 0 0
3 0 0 0 0 0 0
4 1 0 0 2 0 2
5 1 0 0 2 0 2
6 1 2 0 3 0 2
7 1 2 0 3 0 2
8 1 2 0 3 0 2
9 1 2 0 3 0 3
10 1 2 0 3 0 1
11 1 2 0 3 0 20

12 1 3 0 3 2 37
13 3 3 0 3 4 37
14 3 3 0 3 4 37
15 3 3 0 3 4 40
16 3 3 0 3 4 a1
17 3 3 0 3 4 41
18 3 3 0 4 4 a1
19 N 3 3 1 4 7 a3
20 3 3 1 5 7 43
21 3 3 1 5 7 43
22 3 7 1 5 7 43
23 ' 10 1 5 7 14
24 10 1 5 7 45
25 : 1 9 45
26 2 10 as
27 10 45
28 | 10 45
29 10 a5
30

31

¥ of Total Alevin _
Dead at End of Test 6 20 4 10




ATTACHMENT 5

Results of Analysis for 2,4-D in Steelhead Trout from
Northern California Rivers (Expressed as the Acid Egquivalent)

(Risebrough =t al 1981)

DATE WEIGHT
OF ANALYZED 2,4-D
LOCALITY COLLECTION (grams) {(ppb)
Rock Creek Trib. to Klamath 15 Oct/80 71.7 <0.07
Bark Shanty Creek Trib. to )
Rock Creek e 64.2 < 0.13
Klamath R. at confluence
of Rock Creek . 39.6 <0.21
i
!
Klamath R. near mouth 18/0ct/81 44.1 <l.1l0
'
!
Smith River at Jedsmith
State Park 19/0ct /80 29.2 <1.30
]
| |
| ;
Klamath River at Iron ! ;
Gate (Yreka) | 20/0ct/80 166.8 <0.44 }
| |
|
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Introduction

The Toxic Substances Control Program prepared a staff review paper on 2,4-D on
July 1, 1981. That review stated that ester formulations of 2,4-D can be

1,000 times more toxic than the amine and acid forms. Due to the greatly increased
toxicity of the ester formulations, the receiving water guality limits were

set for watersheds where esters are used exclusively or as part of the total

2,4-D application. At that time, the propﬁlene glycol butyl ether ester (PGBEE)
was the predominant form used in the North Coast Region of California. Thus,

the receiving water limits were developed based on the toxicology of the PGBEE
form. The maximum instantaneous value of 40 PPB and 24-hour average of 2 PPB

were developed using the EPA methodology for deriving water quality criteria

‘(Fed. Reg. Nov. 28, 1980).

On January 25, 1982, Dow Chemical confirmed that it will no longer manufacture
the PGBE ester. The regisfered herbicide Esteron* 99 will now be manufactured
and marketed using the butoxy ethyl ester of 2,4-D. Because of this éhange, the
toxicology of the butoxy ethyl ester (BEE) was reviewed. The following is a

summéry of that review.

*Trademark of the Dow Chemical Company
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III.

Iv.

Chemical Form of 2,4-D

{(Butoxy ethyl or Butoxy ethanol}

All but two of the papers reviewed were based on the toxicity of 2,4~-D butoxy
ethanol. The papers by Martens et al (1980) and Alabaster(1969) reported the
toxicity of 2,4-Dbutcxy ethyl ester. The two esters are reported to be one
and the same according to L. E. Warren of Dow Chemical (Pers. Comm.) and

Jim Sphon of FDA (Pers. Comm.).

Persistence in the Environment

The previous staff paper on 2,4-D (July 1, 1981) used data for the butoxy ethyl
ester to predict the half-life for hydrolysis of 2,4-D PGBE. 2,4-D BEE data was
used because of the lack of such data for the PGBE ester. That paper concluded
that the hydrolysis half-life (the time required for one-half of the 2,4-D ester
to hydrolyze to the parent acidrand an alcohol) in north coast streams would be
expected to range from several days to several weeks depending upon temperature,
pPH, and the ester form used. The hydrolysis product (2,4-~D acid) is relatively.

resistant to chemical degradation and is nonvolatile according to Zepp et al (1975).

The mobility and runoff of 2,4-D BEE should be similar to 2,4-D PGBE bhecause of
their somewhat similar chemical structure. Actual runoff and persistence in north
coast streams, however, cannot be adequately estimated from the available data.
Therefore, this information should be determined as part of a site-specific

field study.

EPA Methodology for Deriving Water Quality Criteria

The EPA methodology for deriving water quality criteria was published in the
Federal Register (Nov. 28, 1980). This method was used in calculating receiving
water limits for 2,4-D esters, as mentioned previously, using the toxicity data

for 2,4-D PGBE. A summary of the data requirements of the methodology is as

follows:




A . Instantaneous maximum value: This is the Final Acute Value which is

developed from acute toxicity data for at least eight different families

of aquatic organisms.

B. Twenty-four hour average value: This is the lowest value of:

1. Final Chronic Value: This is obtained by either of the
following two ways depending on the number of chronic
toxicity data available. The final chronic walue should
use only the results of flow-through chronic tests in which
the concentration of toxicant in the test solutions were
measured. |
{(a) In the same way as Final Acute Value. This requires

chronic toxicity data for at least eight different

families of aquatic organisms, including fish and invertehrates.

{b) Where sufficient chronic toxicity data are not
available, by dividing the Final Acute Value by the
Final Acute~Chronic Ratio (which is the geometric
mean of the Acute~Chronic Toxicity Ratios for at
least three species of aquatic organisms}.

2. Final Plant Value: This is the lowest plant toxicity'value.

3. Final Residue Value: This is calculated by dividing the
maximum permissible tissue concentration with the product of

bioconcentration factor and lipid content of the species.

V. Data Available from Literature

Acute toxicity data for 19 species and chronic data for 2 species of aquatic
organisms are available for 2,4-D butoxy ethyl ester (BEE). These are com-.
piled in Table 1. However, the requirements that EPA identified for deriving
the criteria could not be satisfied for the 24-hour average value., The data

- gaps for 2,4-D BEE in the published literature include:




@ No chronic toxicity data for 2,4-D BEE (or PGBEE) are available for

aquatic invertebrates.

@ Only two of the required minimum of three chronic toxicity tests

for three species have been published to date for both 2,4-D BEE

and PGBEE.

® Only one of the two chronic toxicity tests used the flow-through

method and measured toxicant levels during testing as required by
the methodology. This test was reported by Mount and Stephan (1967).
The chronic test performed by Martens et al (1980) used a static
method with daily renewal of the toxicant. The toxicant level was
not measured during testing. This could lead to significant under
estimation of the toxic effects. Therefore, the chronic toxicity
minimum data base cannot be met.

@ pPlant toxicity data are not presently available for 2,4-D BEE.

Calculation of Criteria from Available Data

A. Instantaneous Maximuym Value

The data presented in Table 1 were used to calculate the instantaneous
maximum values of 274 PPB for 2,4-D BEE. The calculated values are
shown in Table 2.

B. Twenty~-four (24)-Hour Average Value

For discussion purposes, the calculated 24-hour average using the single
acceptable chronic test (Mount and Stephan, 1967) is 15 PPB. The 24-hour
average value is derived by dividing the instantanecus maximum value by

the acute-to-chronic ratio. This test had an acute/chronic ratic of

18.7:1 (Table 3). 1If both tests were used, the acute/chronic fatio would
be 8.6:1 and the calculated chronic value would be 32 PPB (the Martens et al

study has an acute/chronic ratio of 4:1).




VII.

Final Residue Value

A final residue value is calculated by dividing a ma#imum permissible
tissue concentration by an appropriate bioconcentration factor corrected
for lipid content. EPA recently established tolerances for 2,4-D in the
Federal Register (January 6, 1982, pp. 620-621). These tolerances were
established for various ag:iculgural commodities including fish and
shellfish. These tolerances are not directly applicable to fish on

the north coast since those tolerances were specifically limited to
applicatjon for water hyacinth or water milfoil control by public agencies.
The latter case included the butoxy ethanocl ester as used by the Tennessee

Valley Authority. The limits for both fish and shellfish are 1 PPM (1000 DPB).

Rodgers and Stalling (1972) reported that whole body residues of 2,4-D
were up to 55 times greater than the concentration of 2,4-D BEE in
exposure water within 6 hours. The time required for total elimination
of 2,4-D residues was up to 120 hours for bluegills and 48 hours for
catfish. The EPA methodology requires testing for bioconcentration
factors for 28 days or until steady state conditions are achieved. These

conditions were not met in this study.

Static Versus Dynamic (Flow-Through) Bioassay Methods Using 2,4-D BEE

All of the acute bicassay tests listed in Table 1 were static with one

exception.. In static biocassay tests, toxic substances being studied are

generally added at the start of the test and not measured or renewed over

the test period. 1In one test (Martens et al) with 2,4-D BEE the substance
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Comparison of Toxicological Data for BEE and PGBE

Table 4 summarizes the toxicological data which is most directly
comparable for both 2,4-D ﬁEE and PGBEE for the folloyiug reasons:
1. Reported by the same author in one paper;

2. Same or similar methods and materials; and

3. Same species of organisms preferably in similar

condition and life stage.

These data show 2,4~D BEE to have acute toxicity greater than PGBEE
for three aquatic species while five other species are less sensitive
to BEE than PGBEE. This comparison must be used with caution because

of the aforementioned problems with static bioassays.

Table 5 was prepared using data for salmonid fish. These data indicate
that 2,4-D BEE may be more toxic to salmonids than PGBEE. Once again,
caution must be exercised in making these comparisons because different

species, life stages, authors and methods were involved.

Conclusions

1. Rough comparisons of toxicity data i&dicate that 2,4-D BEE is
on the average less toxic tham 2,4-D PGBEE to a wide range of
aquatic organisms.

2. The 2,4~D BEE ester may be more toxic than PGBEE to salmonids.

3. Calculations based on the EPA methodology indicate that 2,4-D
BEE is less toxic than PGBEE.

4. The available data may be inadequate to definitely conclude that
2,4-D BEE is more or less toxic than 2,4-D PGBEE because of the

problems with static toxicity tests.



Issye

Is the present data base for 2,4-D BEE sufficient to develop
instantaneous maximum and 24~-hour average criteria now or should
the State Board wait until site-specific data from the north

coast are available?







Table 2

Srate Warter Resources Control Foard

FINAL ACUTE CALCULATION

2/16/ 82
HEHRHHEEEIIIHEEHIHEHEHHEEIHEREHHHEHEEE HEHEHHHEEHEHEHHHHEEHEERHERHEHEEHHHHHEEHGHEHEEEHEUHRCN

LOE LCSO Q.11 Cum, CELL EXP. STAT/ TEST REFERENCE
LCSO P.P.B. CELL PROP. MEAN TIME DYN. ORGANISNM
(a.e.) (I“RS) TEST

=============================2=3‘-"============3==========:'!=3============’.’=================
2.47 295 ¥ .07 2,474 95 5 Scud Sanders 1949
2.477 300 1 .07 2.474 95 M5 Rainbow trout Martens et al 1780
2,453 450 2 .17 2.653 76 MS Sockeye salmon Martens et a) 1980
2,633 430 2 .17 2.A53 95 MS Pink saimon Martens et al) 1980
2,453 450 2 W17 2,853 964 MS Coho salmon Martens et al 1780
2.804 440 3 «3 2.852 48 S Bluegil) Inglis & Davis 1972
2.826 470 3 '3 2,852 48 Harlequin fish Alabaster 1969
2,849 740 3 3 2,852 48 S Blueqil} Sanders 1970

2.905 804 3 +3 2,852 96 § Bluegill Johnson & Finley 1980
2,973 940 4 47 3.012 48 S Glags shrimp Sanders 1970

2,978 750 4 47 3.012 48 5 Rainhow trout Inglis & Davis 1972

3 1000 4 .47 3,012 48 D Fathead minnow Mount & Stephan 1757

3.029 1070 4 .47 3.012 ¥4 S Stonef 1y Sanders & Cope 1948
3.079 1200 4 .47 3.012 48 S Seed shrimp Sanders 1970

d.148 1474 S .57 3.219 48 5 Seed shrimp Johnson & Finley 1980
3.241 1742 5 57 3.219 9 S Sombug Johnson & Finley 1930
3.249 1775 5 .57 3.21¢ 45 5 Goldfish Inglis & Davis 1972
3.322 2100 & o7 3349 48 5 Bluegill Hughes & Davis 1943
3.33 2140 & o7 3.349 48 S Sombua Sanders 1970

3.345 2211 ] o 349 94 S Fathead sinnow Johnsan & Finley 1980
3.398 2500 & o7 3.349 $5 8§ Qyster Butler 1945

3.574 3750 7 .93 3.417 9 5 Fathead minnom Mount & Stenhan 19467
3.574 3750 7 W73 3817 43 § Waterflea Sanders 1970

3.597 3950 7 .93 3J.417 48 5 Scud Sanders 1970

3.411 4087 7 .93 3.817 v6 5 Scud Johnson & Finley 1980
3.432 4288 7 93 3.417 94 3 Waterflea Johnson & Finley L1980
3.4652 4490 7 93 3.617 48 S Killifish Butier 1965

3.4678 4750 7 93 3.46%7 48 5 Black bullthead Inglis & Davis 1972
4,538 34500 8 .97 4.538 48 S Bluegil) Hughes & Davis 1963

5 100000 9 0 0 48 S Crayfish Sanders (970
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Table 4

Comparison of 2,4-D BEE and PGBEE Toxicological
Data Derived from Acute Tests which
are Directly Comparablel

LCS0 LCS50 BEE/PGBEE North Coast
Organism BEE _ PGBEE Ratio Reference species
Scud (Gazmarys jgs2 1072 3.6 Sanders, H. 0., 1969 Yes
Glass shrimp 940 1800 1.9 Sanders, H. 0., 1970 Yes
Bluegill 640 660 1.03 Inglis & Davis, 1972 Yes
Bluegill 2100 2100 1.0 Hughes & Stephan, 1967 Yes
Sowbug 2140 1470 0.7 Sanders, BE. 0., 1970 No
Killifish 4490 3015 0.67 Butler, P. A., 1965 No
Scud (8- &) 3950 1740 0.44  Sanders, H. 0., 1970 No
Seed Shrimp 1200 214 - 0.18 Sanders, H. 0., 1970 No
Daphnia 3750 62 0.02 Sanders, H. 0., 1970 Yes

1 Test species and conditions were identical.

2 All values are in PPB acid equivalent.




Table §

Comparison of Acute Toxicity (LC50) to Salmonids
of 2,4=-D BEE and PGBEE

LC50 LCSO North Coast
Organism BEE PGBEE Reference resident species

Rainbow trcuf 300l/ Martens et al, 1980 yes
9502/ Inglis & Davis, 1972 ves
620 Johnson & Finley, 1980 yes
1100 Walker, 1971 yes
1100 Cope,.1964 yes
Sockeye salmon 450 Martens et al, 1980 no
Coho salmon 450 yes
Pink salmon 450 yes
Lake trout 588 Woodward & Mayer, 1978 no
Lake trout 680 Johnson & Finley, 1980 no
Cutthroat trout 550 Woodward & Mayer, 1978 yes

1Y
2/

All values in PP8 acid equivalent
48~hour LCSO
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SUMMARY

Continqous-flow toxicity tests were conducted to determine acute toxic
effects of Lutouxyethanol ester (BOEE) and propyleme glvcel butyl ether ester
{PGBEE) formulations of 2,4-D on juvenile chinook salmon (Oncorhynchus
tshawytscha) and steelhead-rainbow trout (Salmo gairdmeri). A chronic
toxicity test with chinook salmon egg-to-fry was conducted to determine
effects of BOEE on survival and growth. Median lethal concentrations (96-h
LC50 values) indicated that PGBEE (313 to 454 ug/l) was slightly more toxic
(342) than BOEE (327 to 60l ug/l). The LC50 values alsoc indicated that
chinook salmon were more sensitive than steelhead-raimbow trout and that fry
were more sensiiive than smolts to the 2,4~D esters. Static tests substan-
tially underestimated BOEE toxicity when compared to dynamic tests. Based
on reduced survival and growth of chinook salmon alevins and fry,-we estimate
the maximum safe chxoni; exposure concentration under these test conditions

to be 40 ug/l BOEE.

Key words: 2,4-D esters; bioassay; acute toxicity; chronic toxicity;

Oncorhynchus tshawytscha; Salmo gairdmeri



INTRODUCTION
The purpcses of this study were to examine the toxicitles of butoxy-
ethanol ester {(BOEE)} and propylene glycol butyl ether ester (PGBEE)

fermulations of 2,4-D to chinook salmon (Oncorhyochus tshawytscha) and

steelhead-~rainbow trout (Salmo pgairdperi), important salmonids iq the north
coastal area of Californmia. These herbicide formulations are used in conifer
release programs. Off-target movement of these herbicides into forest water
bodies is unavoidable, particularly if the materiale are applied by air
{Norris, 1971). The degree of off-target movement into water can be
controlled with the use of buffer strips, anti-drift agents, and favorable
weatier counditions. There are concerns for the effects of off-taiget
wovement of herbicides to fish and aquatic invertebrates. The acute and
chromic toxicity data presented in this paper will facilitate establishment
of 2,4-D water quality standards needed for the protection of fish and other
aquatic organisms.

Although the toxicities of 2,4-D esters to aquatic !ife have been
extensively determined using static tests, none were determined using
continuous-flow (dynamic) test conditions with monitoring of ester levels.
Because of physicochemical hydrolysis (Que Hee and Sutherland, 198l) and
biological hydrolysis (Rogers and Stalling, 1972;-Dodson and Mayfield, 1979)
of the 2,4-D esters to the less toxic 2,4-D acié by fish, static tests
probably underestimated the toxicities of 2,4-D esters. The ability te
estimate 2,4-D ester toxicity unrder known exposure levels is necessary to

develop levels which will protect fish and other aquatic organisms.

r3




The treud of toxicology dat: from static tests of Johoson xnd Finley
{1980), Marrens et al. (1980), Wocdward and Mayer (1978), Sanders (1970),
and Sanders and Cope (1968) suggests that fish are equally or more sensitive
to 2,4-D BOEE thar aquatic invertebrates, and salmonids are generally the
most sensitive group of fish (California Regionmal Kater Quality Control
Board-North Coast Region, 1982). This apparent trend would be cerrect if
hydrolysis of BOEE to 2,4-D acid were the same in all tests or was greater
in the fish tests. Thus, no-effect concentrations derived from salmomid
toxicology data may protect both fish and aquatic invertebrates from BOEE
toxicity. The U. S. Envirommental Protection Agency (1980) allows for the
development of a single water quality criterion value for the protection of
fish an! aquatic life using either one species or group of aquatic organisms
(i.e. salmonids) when it has been demonstrated that they are important (i.e.
recreationally or commercially) and the most semsitive to the toxicant.
Furthermore, this criterion must protect that group from chronic toxicity.

In this study we estimated 9-h LC50 values for commercial 2,4D BOEE
and PGBEE formulations using two salmonids species and a no—effect
concentration for chinook salmon embryos and larvse continuously exposed

to BOEE.



MATERIALS AND METHODS

Fish were challenged in continuous—flow toxicity tests with emulsions of
commercial 2,4~D ester formulations supplied by proportiomal diluters (Mount
and Brungs, 1967) manufactured from glass, teflon, and stainless steel
components and glass predilution systems (Finlayson and Ashuckian, 1979).
The formulations are marketed commercially as Esteron 99° Coucentrateij
(EP4 Registration Numbers 464-566-AA [BOEE] and 464-201-AA [PGBEE]) which
coutain 43.2%Z BOEE or 44.9%2 PGBEE active ingredient as acid equivalent
(a.e.). Separate 2,4-D ester emulsions were prepared by sonicating the
formulations in deionized water for 4 minutes. Stock solutions were checked
amalytically at the begiuning and ending of a test.

The quality of sand-filtered water from the American River for the.
July 198 to February 1983 tests was essentially conmstant: pH 7.0 - 7.Z;
16 - 18 mg/l CaC0, hardmess; 32 - 34 mg/1 dissolved solids; 17 - 19 mg/1
CaC03 alkalinity; dissolved oxygen above 95% saturation. Temperature varied
seasonally between 16 C in July and 8 d in February. Trout fry and smolt and
salmon smolt acute tests were conducted at temperatures of 14 to 16 C, salmon
egg-to—fry chronic test was conducted at temperatures of 8 to 11 C, and the
salmon fry acute tests were conducted at temperature of 9 C.

The chinook salmon fry and smolts and steelhead smolts used in the
acute {%-h) tests were obtained 4 days before the tests began from stock
at the California Department of Fish and Game”s Nimbus Hatchery located on

the American River, a tributary to the Sacramento River. The rainbow trout

fry were obtained 7 days before tests began from stock at the Califorania

l Dow Chemical Company, Midland, Michigan 48640.




Pepartment of Fish and Game”s Hot Creek Hatchery located on Mammoth Creek

in the Inyo-Sierra regionm. 4!l fish were subjected to normal hatchery

cultural practices as outlined by Leitritz and Lewis (1979).
Procedures‘odtlined by the American Society for Testing and Materials

(1980) and Finlayson and Verrue (1982) were followed for the acute toxicity

tests. Acute continucus—flow tests were conducted in 72-1 glass troughs with

the water volume adjusted to 26 1; 50% water replacement time occurred in

3.0 h. Generally, two tests were conducted simultaneously; one species was

s¥pnsed_to _pach 2.4-D ester. stati yere conducted with steelhead
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1IN NaOH, cleaned with hot soapy watér, rinsed twice with hot water, aand then
rinsed twice with a mixture (1 + 1) of nanograde acetone and hexane. Samples
were collected using glaas beakers and deposited in 500-ml borosilicate glass
bottles containing 1 ml of 10N NaOH; pH of resulting sample was >12 thus
ensuring complete hydrolysis of esters to 2,4-D acid and preserving the
sample. Bottles were sealed with teflon~lined plastic caps and kept
refrigerated at 4 C until amnalyzed. Following esteration, total 2,4-D
coucentrations were determined by gas chromatography with a Ni63 electron
capture detector (Olsom et al., 1978); the detection limit was 5 ug/l.

Water samples (50 to 250 ml) from each trough were collected and
analyzed for concentrations of 2,4-D esters at the beginning of each acute
test prior to the additiom of fish. Additional water samples were cocllected
from the troughs during the test and at its termination. Samples were
collected using glass pipets and deposited in borosilicate glass containers
containing 50 ml of nanqgrade hexane. Containers were sealed and vigorously
shaken to extract and preserve the esters in the hexane phase. The phases
were separated and the sample extracted with & second 50-ml aliquot of
hexane. The hexane extracts were then combined and concentrated. The
extracts were analyzed for 2,4-D BOEE or PGBEE concentration using the
equipment listed above; detection limits for both esters were 5 ug/l a.e.
The 2,4-D ester concentrations were stable during storage as determined by
repeated analysis.

Chinook salmon eggs used to determine the chronic effects of 2,4~ BOEE
on development, growth, and survival were obtaipred from Nimbus Ratchery.

The specific procedures described by Finlayson and Verrue {1980) were used

to determire chronic effects. The 502 water replacement time in the troughs







Concentrations of total 2,4-D were consistent throughout both the
continuous-flow and static tests; these values were used directly in
the statistical calculations. Likewise, percent hydrolysis (1 - ester
concentration/total 2,4~D concentration x 100) of both 2,4~D esters were
consistent throughout the continuous-flow acute tests with trout and salmon
fry aﬁd the chronic test; these values were also used directly in the
statistical calculations. However, hydrolysis of 2,4-D esters fluctuated
during the continuous—flow tests with salmon and steelhead smolts. Thus, it
was mecessary to calcelate a mean hydreolysis for the 96-h test period. This
was accomplished by approzimate integration: wmeasuring hydrolysis at 0, 24,
48, 72, and % h from several concentrations and then averaging the
interpolated hydrolysis at 12, 36, 60, and 84 h. This procedure was done
separately for each 2,4-D ester. The mean hydrolysis value was then applied
to the total 2,4-D concentration to estimate 2,4~-D ester concentrationm at the
LC50 level. Physicochemical hydrolysis was estimated at the beginning of the
test prior to the additién of fish, and biological hydrolysis was estimated
as the value of total hydrolysis minus physicochemical hydrolysis when the
complete fish loading factor was preséht. The 2,4~D ester concentrations at
the LC50 level for static tests were based on initial concentrations in the

aquaria before the fish were added.
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RESULTS

Mean water temperatures in the troughs varied seasomally betveen 8 and
16 C, but varied less than 0.5 C aﬁong troughs during concurrent tests.
Water temperature during the chromic test varied seasomally from 8 to 11 C.
Trough pH varied from 6.9 to 7.3, hardness was 15 to 17 mg/l CaC03, and
dissolved oxygen averaged 92 with a minvmum of 75X of saturation.

The 2,4-D ester concentratioms of the stock solutions were stable during
the tests. Total 2,4-D concentrations in control troughs of all tests were
<5 ug/l. Measured totgl 2,4-D concentrations in toxicant troughs averaged
i01 + 9% (+ 8D) of expected, based on analysis of stock solutions and known
dilution.

Concentrations of 2,4~D esters at the beginning of the continuous-flow
acute tests in the absenmce of fish averaged 79 + 16X (83 meaéuremen:s) of
expected for BOEE and 62 + 192 (54 measurements) of expecéed for PGBEE, based
on 2,4-D ester concentrations in troughs and stock solutions and total 2,4-D
concentrations in the troughs. Approximately 21 and 38 hydrolysis of BOEE
and PGBEE, respectively, to 2,4-D acid had occurred within the 3.0-h 50%
water volume replacement time in the troughs (Table I). This suggests that
BOEE is twice as resistant to physicochemical hydfolysis as PGBEE under
these test conditions. In the chronic teét, approximately 5% of BOEE had
hydrolyzed to 2,4D acid within the 1.2-h 507 water volume repiacement time
in fhe troughs. The concentration of 2, 4~dichlorophenol in the BOEE chronic
test was (.09 ug/l or approximately 0.07% of total‘Z,d-D coocentration.
Hydrolyses of 2,4~D esters was variable in the acute tests using éalmon and
steelhead smolts. The integrated mean hydrolysis of 2,4~D esters during the

%-h testing period was 652 for BOEE and 73% for PGBEE with salmonm and

-9-



TABLE 1

Estimated percent hydrolysis of 2,4~D butoxyethanol ester (BOEE) and propylene
glycol butyl ether ester (PGBEE) in continuous—flow tests with different 50Z
water replacement times, fish loading factors, and temperatures (in parentheses).

BOEE PGBEE
2)_ Lz
Physicochemical Hydrolysis
Chronic test 1.2-h replacement time (8 - 11 C) 5 -
Acute test 3.0-h replacement time (11 - 16 C) 21 38
Biological Hydrolysis
0.02 to 0.08 g/l-day fry loading factor (8 - 16 C) i 1

0.8 to 1.2 g/l-day smolt loading factor (13 - 16 C) 44 35

-10-




steelhead, The estimated biological bhydrolysis of 2,4-D esters in the tests
with smolts was 44 and 357 for BOEE and PGBEE, respectively. Hydrelysis

of 2,4D esters in tests with salmon and trout fry were less variable and
approached the values (physicochemical hydrolysis) measured at the beginning
of the tests before the fish were added: 227 for BOEE and 39%2 for PGBEE,

It was not apparent that the narrow temperature range (8 tc 16 C) affected
hydrolysis in the short (1.2 to 3.0 h) water replacement times. Biological
hydrolysis of both 2,4-D esters increased with increased fish loading
facéors.

Survival of controls in acute continuous—~flow and static tests ranged
from 88 to 100% with a mean of 981. PGBEE was slightly more toxic than BOEE
to chincok salmon and steelhead smolts by 322 and to rainbow trout fry by 39
(Table II}. These differences in ester toxicity were significant (p <0.05)
in all tests except the chinook’salmon smolt tests. Fry were apparently more

sensitive to 2.4-D eafrers _than _smalts. althoueb these differences were not
- i
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alevin—to—fry period was 4.7Z and 47.6% for those exposed to 60 and 118 ug/l
BOEE, respectively. When compared to controls, growth (length) of salmon

to 36 days post~hatch was significantly (p <0.05) reduced iz 60 and 118 ug/1
BOEE; yolk-sac absorption was significantly slower in 118 ug/1 BOEE. Weight'
of fry at 36 days post-hatch was not a sensitive growth criterion in this
test since conmversion of yolk to tissue did not result in a detectable
difference in body weight; salmon with a yolk-sac size of 3 mm weighed the
same as fish with a yolk-sac size of 1 mm. Fry survival and growth were not
significantly affected at BOEE concentrations of 40 ug/l or less. Thus,
under these test conditions the maximum acceptable toxicant concentration
(MATC) of BOEE for chincok salmon egg-to-fry was 40 ug/1. Applying this
no-effect concentration with 9%-h LC50 values for chinook salmon fry and

smolts results in application factors (AF) of 0.12 and 0.10, respectively.
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DISCUSSION

The processes cf physicochemical and bioclogical hydrolyses of 2,4-D
esters to less toxic 2,4-D acid would have caused underestimation of ester
toxicity if besed upon nominal rather than measured ester concentrations.
Physicochemical hydrolysis increased as water replacement time in the troughs
increased and biological hydrolysis increased as fish loading factors
increased. Physicochemical hydrolysis of BOEE was approximately 5 and 21%
with 1.2 and 3.0-h 507 watex reﬁlacement times, respectively. The half-life
of BOEE to 2,4-D acid in water at 28 C has been reported to be 26 days at
pH 6 and 0.6 h at pil 9 (Que Hee and Sutherland, 198l). Biological hydrolysis
of BOLE was approximately 1% for salmon and trouf tests with a loading factor
of 0,02 to 0.08 g/l-day and 44% for a loading factor of 0.8 to 1.2 g/l-day.
Rodgers and Stalling (1972) and Dodson and Mayfield (1979) had previously
reported the ability of fish to rapidly hydrolyze 2,4—D esters. Our tests
suggested that salmonid smolts were able to hydrolyze BOEE slightly faster
than PGBEE. The ability of the salmon and trout to more rapidly hydrolyze
BOEE may account for BOEE being slightly less toxic than PGBEE.

The breakdown of 2,4-D to 2,4-dichlorophencl in water during the chromic
test was insignificant (0.07%). This was expected since it has been reported
that 2,4-dichlorophenol is not stable amnd sunlight is needed for its forma~-
tion from 2,4-D (Que Hee and Sutherland, 1981).

Qur static test results substantially underestimated BOEE toxicity to
steelhead smolts by approximately 200 to 400% when compared to our continual-
flow test results, and the degree of underestimation increased as the loading
factor of the static test kncreased. The underestimation was the result of

hydrolysis of BOEE to less toxic 2,4-D acid. During the static tests, BOEE



concentrations had decreased to <5 ug/]l within the first 24 h of the tests,
although total 2,4~-D concentrations remained constant. The static test data
of Johnson and Finley {1980) and Woodward and Mayer (1978) indicates that
lake trout (Salvelinus namaycush) are 70 and 71 times more sensitive to BOEE
and PGBEE, respectively, than 2,4-D acid (our analysis). Similar differences
between 2,4~D ester and acid toxicity have been reported by Mount and Stephan
(1967), Meehan et al. (1974), and Martens et al. (1930).

The continuous—flow 9%-h LC50 valuves clearly indicated that PGBEE was
slightly more toxic than BOEE, that chinook salmon ﬁere more sensitive than
steelhead~rainbow trout, and that fry were more sensitive than smolts to
the 2,4-D esters. Although all ester, species, and life-history stage
comparisons indicated these trends, those involving smolts were not always
statistically significant (p <0.05). This lack of significance can be
attributed to the lack of partial mortalities in the smolt toxicity tests
which in turn resulted in large LC50 95Z confidence limits.

No published data from continuous-flow acute tests with fish and 2,4-D
esters are available for comparison with our results. Martens et al.

(1980} conducted numerous semi-static (daily renewal) tests with salmonid
fingerlings, fry; and smolts ﬁith a granular formulation of BOEE 2,4~D
(Aqua-Kleen 20®), an aquatic herbicide. They estimated nominal (mot
measured) 9%-h LC50 values (as ug/l a.e.) for sockeye salmon {QOncorhymchus
nerka) fingerlings, coho salmon (Oncorhynchus kisutch) fry, and pink salmon
(Oncorhynchus pgorbuscha) fry at 450, for sockeye sholts at 493, and for

rainbow trout fry at 28. This range of LC50 values (283 to 493 ug/l) is

-16-




similar to our results (327 to 601 ug/l). However, since neither 2,4-D ester
or total 2,4-D concentrations were measured during their tests, error could
have occurred in estimating 2,4-D concentrations at LC50 levels.

Our 40 ug/l MATC for BOEE'approximates MAIC values estimated for

egg-to~fry tests of cutthroat trout (Salmo clarki) and lake trout chronically
exposed to other 2,4-D esters: 19 ug/l z.e. 2,4-D butyl ether ester (BE) and
19 ug/l a.e. 2,4-D PGBEE (Woodward and Mayer, 1978). In our chromic test,

significant differences in growth may have occurred at BOEE levels less than
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toxicity of chemicals is ofteﬂ'addicive, but synergistic action is rare and
is not known to occur at low concentrations near the no-effect level;
antagonism of toxic action may occur more frequently than synergism
(Finlayson and Verrue, 198). Another point of view is that additiomal
protection is required to compensate for unknowns when extrapolating
laboratory toxicity data to actual asquatic ecosystems. These unknowns
include degradatiom products, joint action of multiple chemical contaminants,
different chemical and physical factors, as well as sampling and experimental
error from the tests. A safety factor {(some fractiom of MATC) can be used
to provide the additional protection. In other words, predictioms based on
laboratory data may either overestimate or underestimate effects on aquatic
organisms in the enviromment. This degree of underestimation or over-
estimation decreases as the species and conditions used in the tests more
<:lesely correspond tu the enviromment in questiom.

The MATC for BOEE estimated from our chronic chinook salmon egg-to-fry
test is below reported levels sﬁown to cause other sublethal effects in
salmounids. McBride et al. (1981) reported that BOEE concentrations below
the LC50 value (300 to 700 ug/l a.e.) produced reversible stress (internal
hypertrophy) in sockeye salmon during static tests at 24 to 9% h; reversible
gill pathology was present at higher concentrations (1,000 ug/l a.e.).
Martens et al. (1980) challenged sockeye smolts and pink salmon fry to
saltwater (28 %°/oo) for 96 h with no mortality after a 24-h static exposure
to 540 ug/l a.e. BOEE. Similar results for saltwater challenge tests have
been found by McBride et al. (198l) with sockeye salmon smolts: the minimal
BOEE concentration required tc induce atress is slightly below lethal level

and on transfer to an uncontaminated enviromment, the fish can revert quickly

~18-




to an unstressed state and survive in sea water. The significance of these
studies is confounded by the use of static tests and inadequate toxicant
monitoring. However, the importance of these studies is that levels shown to
have arn effect are approximately one order of magnitude greater than the MATC
for BOEE chromnic exposure to éhinook salmon,

In the study, we found that PGBEE is slightly more acutely toxic to
salmonids than BOEE, that chinook salmon are more sensitive to BOEE than
steelhead~rainbow trout, and that fry are more sensitive than smolts.
Additionally, we found the estimated MATC for BOEE to be 40 ug/l for

chinook salmon during continuous egg-to-fry exposure.
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[. SUMMARY

This study was conducted on forest lands in northern California to determine (1)
levels of 2,4-D in surface waters during site treatment and subseguent rainfalil
runoff, (2) whether State water quality objectives were met at all times, and (3)
the efficacy of present best management practices (BMPs) in preventing discharge
of 2,4-D to surface waters.

Fight sites were selected for study, seven on lands managed by the U.S. Forest
Service and one on land owned by Champion Internationl Corporation. Seven of the
sites were treated with 2,4-D via helicopter; one was treated manually from the
ground. Treatment occurred during the spring, summer and early fall months of
1983. Most of the sites presented particular challenges in controlling 2,4-D
discharages, e.g., steep slopes, saturated soils, and numerous water courses in the
treated areas that were difficult to see from the air. Sites were representative
of the various topographical and climatic conditions occurring in northern
California.

Discharae of %,4-0 was controlled by BMPs /guidelines promulgated by the U.S.
Forest Service™ or reauirements 2inc]uded in permit terms issued by the Shasta
County Agricultural Commissioner®. Water monitoring durina 2,4-D application
and rainfall runoff was done by U.S. Forest Service andjor State staff except

for the Champion International site where Champion personnel did the monitoring.

Water sample results from all sites indicated that (1)} State water auality
objectives were met during 2,4-D application and subseguent rainfall runoff, and
(2) 2,4-D discharges from treated areas were either non-detectable or were present
at levels reported to be safe for beneficial uses of water (pubiic water supplies
and fisheries}. Characteristics of study sites and water monitoring results are
shown in the following table:

I BMPs are shown in Appendix 1. Guidelines are contained in the "Handbook on
ferial Application of Herbicides [6]. In this report the term BMPs is meant to
include both BMPs and guidelines.

2 Appendix 2 and 3 show general permit terms and an example of a specific permit
for forest use of 2,4-0.

I-1




Maximum Maximum 2,4-D
Acres Month 2,4-0 Sampled Sampled During
Area Site Treated Treated During Treament* Rainfall Runoff*
Six Rivers Washington 49 April <0.1 0.1
Six Rivers Blackhawk 426 May 0.6 1.0
Modoc Long Valley 180 July 0.1 <0.1
Modoc Bear Camp 120 July 7.0 0.1
Shasta- Hornet
Trinity Gulch=** 38 June <0.1 0.1
Shasta-
Trinity Gap 90 Sept 0.1 <0.1
Shasta-
Trinity Hardpan 25 155 Sept 0.1 0.1
Champion-
Whitmore Whitmore 17 260 Sept 0.1 <0.1

(Shasta Co.)

* parts per billion
** ground application

One conclusion of this study is that U.S. Forest Service BMPs and Shasta County
permit terms effectively controlled 2,4-D discharge to surface waters in and
contiguous to the study areas. Even though specific BMPs for buffering (untreated
areas) and maximum wind velocity differed among some of the study areas, 2,4-D
discharge was similar (low levels or nondetectable) in all areas. Nevertheless,
the report presents a rationale and recommendations for an augmentation and
standardization of current USFS 8MPs and county permit terms to specify minimum
buffer widths for flowing and dry intermittent streams as well as maximum wind
velocity during 2,4-D application.

Additional conclusions and recommendations are made for buffer marking, monitoring

methodology, result reporting, and emphasis/responsibility for future 2,4-D
monitoring (see Section VII),
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A.

[I. INTRODUCTION

Silvicuitural Use of 2,4-D

Herbicides are a management tool used in silviculture to increase timber
and livestock forage yields. The U.S. Forest Service (USFS) reports that
the phenoxy herbicide 2,4-D (2,4 dichlorophenoxyacetic acid) is widely
used on national forest lands. The chemical selectively inhibits or destroys
vegetation that competes with commercially valuable tree and grass species.
Management of the competitive vegetation is termed "release" by the USFS.
Some 205,000 pounds of 2,4-D were applied manually or by aircraft to release
about 117,000 acres in national forests nationwide in fiscal year 1979-80 [17].
The chemical is used mainly in spring and fall months in northern California
on national and private forest lands. Use of 2,4-D on private Tands was
restricted during the past two years in some California counties pending a
legal decision.

Prior to a decision on vegetation management for any national forest, the USFS
conducts an environmental analysis and issues an environmental analysis report
(EAR) in which costs and environmental impacts are compared for various
retease methods including: (a) manual release (hand cutting), (b) ground
application of herbicide[s], (c) aerial application of herbicide[s], and (d)}
no action. Based on the EAR, the Forest Supervisor selects the release method
that is the most cost-effective while protecting environmental resources and
public health. One or more release methods may be selected for a given
project area, and part or ail of the area is subject to a no-action decision.
USFS personnel oversee release activities. When herbicides are applied near
waterways, USFS personnel routinely monitor downstream surface waters during
application. Herbicides are used in accordance with product label restric-
tions and best management practices (BMPs)l developed by the USFS or

permit terms ijssued by county agricultural commissioners. BMPs and permit
terms restrict herbicide use relative to weather conditions, terrain, prox-
imity and beneficial uses of surface waters, and application equipment/
personnel.

The scope of this study includes several sites in the Six Rivers, Shasta-
Trinity, and Modoc National Forests and one site on private land in

Shasta County that were treated with 2,4-0 during the spring, summer, or
fall months of 1983.

Concerns with 2,4-D Use

Use of 2,4-D for vegetation management on timberlands has caused widespread
concern among regulatory agencies and the public. The chemical can be trans-
ported from the target area to streams by wind and water runoff, thus posing
a threat to aquatic 1ife and municipal water supplies. Concerns have been
voiced most recently by the Humboldt Herbicide Task Force, supervisors of
Trinity County, and & number of spokespersons at a Central Valley Regional
Water Quality Control Board (CVRWQCB) workshop held in Redding, California, on
25 February 1983. The latter included the Siskiyou Citizens Against Toxic
Sprays and the South Feather Watershed Council.

1 gups are implemented through guidelines contained in Water Quality Management

for National Forest System Lands in California (Appendix 1), a USFS document
entitled "Handbook on Aerial Application of Herbicides" [6].
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The herbicide and its estars can be toxic to fishes and mammals if dosage
and exposure periods exceed threshhold levels. The chemicals can also
cause taste problems in water supplies. The Environmmental Protection Agency
(EPR) standard (maximum level) for 2,4-D in domestic water supplies is 100
parts per billion (ppb). Research during 1982-83 by the California Department
of Fish & Game (DFG) indicates that the median lethal concentration (96-hour
exposure) of the butoxyethanol (BOE) ester of 2,4-D to juvenile stages of
chinook salmen and rainbow trout ranges between 327-601 ppb and that the
maximum acceptable toxicant concentration for 1long-term exposure of those
species to the BOE ester is 40 ppb [2]. Present analytical detection capa-
bility is on the order of 0.1 ppb for 2,4-D as total acid and 1 ppb for 2,4
Dichlorophenal, a 2,4-D breakdown product.

Herbicides from silvicultural operations can enter waterways primarily
durina application activities (drift or target error) and,or transport from
the tarcet area by ensuing runoff. Northern California forest lands and
climate pose particular challenges to controlling 2,4-D applications. Steep
slopes, numerous drainage courses, saturated soils (particularly in spring
months), and high intensity rainfall srunoff increase the potential for
applied chemicals to enter aquatic systems as compared with less steep, more
arid areas.

Stream monitoring by the USFS and private landowners has been done rcutinely
in northern California in conjunction with 2,4-D applications. The following
figures compiled by the North Coast Regional Water Quality Control Roard
(NCRWOCB) staff show the percent distribution of 2,4-D concentrations in
north coast streams as reported in self-monitoring data received from the
USFS and private industry during the years 1974 through 1981 [3]:

2,4-0 (ppb) USFS Private Industry A1l Dischargers

<1.0 97 % 83 % R 4
1.1- 2.0 2 9 4
2.1- 3.0 0.2 2 1
3.1- 4.0 0 0.5 0.2
4,1« 5.0 0.2 0.5 0.3
5.1- 6.0 0 0 0
6.1- 7.0 0.2 1.5 0.6
7.1- 8.0 0 0 0
8.1- 9.0 0.2 0.5 0.3
9.1-10.1¢ c 1.0 0.3

10 -15.0 0 1.0 0.3
15.1-20.0 0 0.5 0.2
>20.0 0.2 0 0.2
Totals 100% 100% 100%
Total Samples 432 218 650
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Such monitoring data indicate that 2,4-D Tevels believed acutely and chroni-
cally toxic to salmonoids are rarely exceeded However, inadequate monitoring
data exist for storm-runoff events after treatment, the period when previously
appiied 2,4-0 would most likely be transported into the aquatic system.
Studies by the USDA Pacific Northwest Forest and Range Experiement Station
showed that 2,4-D applications during June near Roseburg, Oregon, did not
result in detectable stream concentrations of 2,4-D until the following
Octoker and November after rainfall events that started in Senfhember.
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The NCQNOCB has established numerical objectives for 2,4-D in 1ts Basin
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III. PRQOJECT PURPOSE AND ORJECTIVES

A. Purpose and Scope

The overall purpose of this project is to evaluate whether current management
practices for 2,4-D use on forest lands in northern California meet water
guality objectives for surface waters.

2,4-D was selected as the herbicide to be monitored in the prcject because:
(1) it is a widely used herbicide on forest lands; (2) .project resources
were finsufficient to cover all herbicides; (3) 2,4-D can be viewed as an
indicator of the effectiveness of BMPs for control of other herbicides;
and (4) its use is viewed with concern by numerous groups and individuals.

The project was directed primarily to USFS tands because of: (1) the greater
magnitude of 2,4-D use on those lands at this time as compared with private
timberlands, (2} an opportunity existed to evaluate recently developed
USFS BMPs and (3) results from USFS lands are transferrable to private lands.

As 2,4-D is applied mainly during spring (April/May) and early fall months
(September/October), the project concentrated on 2,4-D use during those
months.,  Runoff containing 2,4-D is more 1likely from spring applications
because of saturated soil conditions, flowing as contrasted with dry drainage
courses, and the imminence of rain. However, in areas of local concern
where suitable spring applications were not planned, summer and fall appli-
cations were monitored.

B. Objectives
Project objectives are to:

1. Monitor 2,4-0 applications at sites that exhibit the most 1likely:con-
ditions for occurrence of 2,4-D contamination of surface waters in
the Six Rivers, Shasta-Trinity, and Modoc National Forests and selected
private forest lands. Conditions include steep terrain, saturated soils,
substantive rainfall, relatively large application areas and proximity of
spray site to streams;

2. Determine maximum and 24-hour average concentration and mass emission
of 2,4-D (as total acid) at selected stream stations during 2,4-D applica-
tion and ensuing rainy periods when runoff and stream flows increase;

3. Determine concentrations of the 2,4-D breakdown products, 2,4-Dichlorophencl,
and any other spray additives (such as petroleum hydrocarbons) at the
selected stream stations;

4. Determine whether stream concentrations of 2,4-0 at the selected stations
achieve Rasin Plan water quality objectives; and,

5. Evaluate whether BMPs and attendant quidelines used for 2,4-D application

under site conditions are adequate for protection of water quality
and public health. ‘
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IV. PROJECT SITE CHARACTERISTICS

Eight 2,4-D application sites were monitored during this project. Characteristics
of those sites are summarized in Table 1; Tocatons are shown on Figure 1. Project
sites are discussed below under respective national forests and private lands.

A. Six Rivers National Forest - Gasguet Ranger District
1. Washington Site

This site in Del Norte County drains into Siskiyou Fork, which is a
tributary to the Middle Fork of the Smith River. The site is drained
by a poorly-accessible, first order tributary stream that enters Siskiyou
Fork some three miles upstream from the Tlatter's confluence with the
Middle Fork Smith River., Siskiyou Fork was flowing at 109 cfs on

April 21 at the monitoring station occupied by USFS and state personnel.
The slopes of the two sprayed units in the site range from 40%-60% and
60%-80%, respectively; the average slope is 50% and 65%, respectively.
The soils of the units- are loamy-skeletal, mixed-mesic Typic Haploxerults
greater than 50 inches deep and well drained. Soils were considered
saturated due to heavy rainfall preceding the application. Major target
vegetation included tan oak, madrone, Ceanothus, and huckleberry,

2. Blackhawk Site

This 426-acre unit was previously owned and clearcut/tractor-yarded by a
private timber company. USFS acquired the Tland shortly after harvest
and has since reforested the unit. The unit drains into Blackhawk
Creek which enters the South Fork Smith River some 20 miles upstream from
the Tatter's confluence with the Smith River (Figure 2). Blackhawk Creek
watershed totals 1,088 acres. Blackhawk Creek flows ranged from about
5-13 cfs during April and May of 1983. Stream velocity at that time
averaged 2.5 feet per second at the surface and about 1.2 feet per second
at mid-depth. The Creek habitat, although marginal for salmonoid produc-
tion, supports popuiations of may flies, caddis flies and stone flies that
provide food for fishes in downstream waters.

Slope of the sprayed area of the drainage ranges from 10%-75%; average
slope is 50%. Drainage follows a general east-west inclination.

Watershed soils are Typic Hapludults of mixed-mesic, Toamy-skeletal to
fine loamy families, 40-60 inches deep and well drained. Erosion from the
unit was extensive following logging, but has since Targely stabilized.
Abnormal overland flow and slow erosion still occur on many main skid
trails.
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About 124 inches of rainfall were recorded in nearby Gasauet during
the 1982-83 water year. The site's predominant vegetation is conifers,

tan oak, madrone, Ceanothus, huckleberry, and alder.

The USFS classified Blackhawk as a high hazard spray site because stream
courses are hard to see from the air (shallow declivities), the site
has an extensive stream network, and a large area was sprayved in relation
to watershed size. Also, runoff potential was high due to the dense
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Site slope was estimated to range between 50%-60% by the USFS and runoff
potential was believed to be moderate. Soils are a dystric xerochrepts,
Toamy-skeletal, mixed-meslc family with a fractured, cobble substrate
having a high infiltration rate.

Major target species were tan oak, vine maple, dogwood, chinquapin,
grasses, and forbes.

Gap Site - Shasta Lake Ranger District

The 90-acre Gap Site is drained by Gap Creek, tributary to Iron Canyon
Reservoir which flows into Iron Canyon Creek, tributary to the Pit
River (Figure 5). Iron Canyon Reservoir provides a valuable trout
fishery.

Range of site slope was estimated by the USFS to be 60%-90%. Ory weather
flow of Gap Creek is 0.25 cfs or less. One live and one dry drainage
course were present in the site.

Soils, which are medium depth and gravelly textured, were considered
unsaturated during treatment. Target vegetation consisted mainly of
bialeaf maple, mountain white thorn, snowbrush, qregn]eaf manzanita,

il — .




site soils are reported by Champion to be a moderately deep, clay loam.
Site slope averages about 45% with a maximum slope of some 60%.

Target vegetation for conifer release was primarily deerbrush and areenleaf
manzanita.
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Figure 2. Diagram of Drainage Features in Blackhawk Site
and Location of Monitoring Station (USFS map)
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Yy,  METHODS
A, Herbicide Application
1. herial (Helicopter) Application

In this study, all sites were sprayed via helicopter with the exception of
the Hornet site which was treated manually from the ground.

A mixture of 2,4-D {BOE ester), adjuvant, and water was prepared adjacent
to but outside of the boundaries of each spray site. Fluorescent dye was
added to the mixture for the Blackhawk and Washington sites., After
transfer to a helicopter, the mixture was applied at rates of from 1.8 to
3 pounds active inaredient 2,4-D per acre. For two sites (Gap and Hardpan
25), six pounds of Dalapon and four pounds of Atrazine per acre were added
to the spray mixture.

Standard USFS practices were followed relative to applicaticn and equip-
ment; e.g., boom width, jet placement and aperture, flying speed, height,
etc. [6]. Single (one swath) coverage was used as opposed to doubie,
criss-cross coverage. On the Blackhawk and Washington sites where dye was
included with the herbicide, USFS staff measured for the presence of dye
continuously with a fluorometer and obtained water saples periodically at
the staream monitoring station. Usually, wash water from mixing eguipment
was applied to the spray area.

The following BMPs were followed to control herbicide drift during heli-
"i’f’f ' :1 .”!!‘ll!l_




Table 2. Drift Control BMPs Followed
During Aerial 2,4-D Application

Lateral Buffer

each side of
Tive streams

and moist areas.

Buffers marked.
No drift cards.

Wind Hum- (From Waterway Drift
Site Velocity| Temp. | idity Rainfall Midpoint) Control
Washington | <5 mph |<800F. |>30% No spray if| No spray within| Nozzle size
raining or | 100 feet of and type, pump
70% chance | each side of . pressure, fly-
of rain Tive and dry ing height and
within next| intermittent speed controls,
24 hours. streams. Buf- | and addition of
fer borders adjuvant in con-
marked and formance with
drift cards Reference 6.
placed in buf-
fered areas.

Blackhawk Ibid. Ibid. | Ibid. Ibid. Ibid. Ibid.

Long Valley| Ibid. Ibid. Ibid. Ibid. Ibid., but buf-| Ibid., except no
fer borders adjuvant.
unmarked and
drift cards not
used.

Bear Camp Ibid. Ibid. | Ibid. Ibid. Ibid., but buf- | Ibid., except no
fer borders adjuvant.
unmarked and
drift cards not
used.

Gap <iQ mph* | No No Ibid. No spray within | Ibid., with

Limit* | Limit* 100 feet of adjuvant.
each side of
live streams.
Buffer borders
marked. Drift
: cards not used.

Hardpan 25 Ibid.* | Ibid.* | Ibid.* Ibid. Ibid. Ibid., with

adjuvant.

Whitmore 17 | Ibid.* | Ibid.* | Ibid.* Ibid. No spray within | Ibid., with
100 feet of adjuvant.

*Shasta County AgricuTtural Commissioner permit conditions.

2. Manual (Ground) Application

This method of treatment (Hornet site only) used backpack tanks and

manual spraying of individual plants.
were similar to the above aerial application.

V-2

Climatic-type BMPs employed

Fifty-foot buffers
(on both sides of live streams) were left untreated.




2. Monitoring Stations Stations for water monitoring were located using the
following criteria:

{a) proximity to the sprayed unit [downstream from the unit boundary,
but as close to the boundary as practicable in order to minimize
dye tracer or 2,4-D decay],

(b) accessible without entering the unit during or after 2,4-D applica-
tion,

(c) suitable stream section present for flow measurement,

(d) downstream from the lowest elevation unit, if more than one unit
in a watershed was treated _and




In addition to 2,4-0D samples, 2,4 Dichlorophenol*, stream hardness,
pH and temperature were determined at most monitoring stations prior

to, during. and suhseauent to 7 Al lrgstgent The gl wac  maasurod with

i e B

D.

2. Stream Flow

At most sites, stream flows were gauged prior to and during 2,4-D treat-
ment as well as during the first runoff following treatment. A cali-

brated pygmy meter was used for those measurements. A staff gauge was

placed at the monitoring station prior to runoff at the Blackhawk and
Washington sites; an increase in stage on the staff gauge triggered
flow metering and water sampling. Riffle areas with a straight channel
and uniform substrate were selected for flow measurement.

Sample Disposition and Quality Control

2,4-D and 2,4 Dichlorophenol samples were preserved with NaOH. Within
six hours of collection, samples were placed in an iced container and then
transported to refrigeration within 48 hours. Chilled samples were delivered
to the analytical laboratories within 35 days after collection. Sampties
remained in the possession of project staff from time of sampling until
delivery to analytical laboratories. Precautions were taken during all
phases of sample collection, transport, and storage to prevent sample cont-
amination, decay, and adulteration.

For quality control purposes at the Blackhawk site, about 15 percent of the
State's 2,4-0/2,4 Dichlorophenol samples were split for analyses by two
State-approved contractual laboratories. In addition, results of samples
taken by USFS staff were made available for comparison of analytical results.

*Blackhawk, Gap, Long Valley, and Bear Camp stations.




VI. RESULTS

A. Washington Site (H and D Units)

Forty-nine acres within two units were sprayed on 21 April 1983. Spraying
started at 0940 hours and stopped at 1137 hours when rainfall (drizzle)
commenced.

State and USFS staff sampled Siskiyou Fork at a common monitoring station
for 2,4-D during spraying and the subequent period when time-of-travel
studies indicated that 2,4-D could be present, The USFS also operated a
fluorometer during the above period; no indicatation of dye was recorded by
the fluorometer. Laboratory results of USFS pre-spray and during-spray
samples reported no detectable 2,4-D in the samples at an analytical sensi-
tivity of 0.1 ppb.

Stream flow at the Siskiyou Fork monitoring station remained constant

until about 1:25 p.m. on 22 April when rainfall which had started at about
11:30 a.m. on that date resulted in runoff and increased flow in Siskiyou
Fork. Analyses of samples taken prior to and during the rise in stream flow
showed nondetectable levels of 2,4-D as follows:

Siskiyou Fork

Estimated Staff Guage 2,4-D Temp.
Date Time Flow {cfs) {inches) {ppb} pH (°F.)
April 21 0951 109 0 <0.11 7.3 47
1125 <0.11
April 22 1325 109 0 0.12 7.2 4 _
1525  >109 0.02  <0.1°
1725 >109 0.1 <0.12

Rainfall intensity diminished in the early evening of April 22. Ouring
the rainfall event, Siskiyou Fork apparently did not rise above the 0.1
staff quage measurement recorded at 1725 hours. This is assumed because
an automatic sampler installed at the station by USFS staff on April 21 had
not collected a sample by April 23. The intake height of the sampler was
only slightly higher than the 0.l-inch reading on the staff guage. Stream
flow higher than 0.1 inch on the guage would have activated the sampler,
Inches of rainfall recorded by the USFS at Gasquet for April 21-23 were as
follows (rainfall at the Washington Unit may have been higher because its
elevation is higher than at Gasquet):

1U$Ssmmks
State samples




Time Period

Date 2400-0600 0600-1200 1200-1800 1800-2400
April 21 0 0 0 0
April 22 0 g.1 1.1 0.5
April 23 0.6 0.5 0.1 0

Siskiyou Fork pH and temperature ranged from 7.2-7.3 and 40°F.-47°F., respec-
tively, during April 21 and 22.

Blackhawk Site

About 120 acres of the Blackhawk Unit were sprayed with 2,4-D on May 1
from 0830 hours to 1130 hours. Winds above 5 mph halted spraying at 1130
hours. The remaining 306 acres were sprayed on May 2 from 0630 hours until
1200 hours. State and USFS staff sampled Blackhawk Creek and measured stream
flow at a common monitoring station near the Creek's confluence with the
South Fork Smith River (Figure 2) before and during spraying. USFS time-of-
travel studies {(dye injection timing) of Blackhawk Creek and its tributaries
indicated that 2,4-D could be present at the monitoring station as soon as
one-half hour after spraying started and as long as four and one-half hours
after spraying ceased. USFS staff continually monitored Blackhawk Creek with
a recording fluorometer during that time period on both May 1 and 2.

The USFS reported a deviation from BMPs on May 2 at 1024 hours when the
helicopter sprayed over a live tributary in one swath. From 1058 to 1062
hours, the USFS fluorometer registered the presence of up to 30 parts per
trillion of dye at the sampling station. The dye concentration corresponded
to an implied 2,4-D concentration of 0.7 ppb. Both the State and USFS sampled
for 2,4-D at that time. .

Sampling results for pre-spray and spray periods are shown in Table 3.
The State's contractual laboratory reported 2,4-D levels of 0.14 and 0.32 ppb
at 1122 and 1153 hours, respectively, on May 2 which was from about one-half
to one hour after the USFS fluorometer registered the possible presence of
dye. No 2,4 Dichlorophenol was measured at a sensitivity of 0.1 ppb. The
USFS contractual laboratory reported 2,4-D levels of 0.6 ppb and 0.1 ppb at
1110 and 1122 hours, respectively, and <0.1 ppb at 1153 on May 2.

Runoff sampling was done manually by the State on May 5, 6 and 7 when the
first substantive rainfall occurred after 2,4-D application. The USFS
automated sampler (ISCO) collected samples during the rise in stream flow
which occurred from the evening of May 5 through the early morning of May 6.
Sampling results are shown in Table 3 and Figure 7. State results from one
Taboratory showed a level of 1.0 ppb 2,4-D as stream flows rose during the
early mornina of May 6 and a level of 0.32 during the late morning of May 6
as stream flows receded. No detectable 2,4-D was measured during the interven-
ing period nor before or after the stream flow rise and fall. Duplicate
samples analyzed by the State's auality control laboratory showed a level of
0.19 ppb 2,4-D during the rise in stream flow, a maximum of 1.0 ppb at the
crest in stream flow, and less than 0.1 ppb as stream flow decreased. No 2,4
Dichlorophenol was detected in runoff samples.
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Table 3, Results of Blackhawk Creek Water Sampling and Gauging

2,4-D {ppb total acid) : Hardness
Flow State 2,4 Dichlorophenol | (ppm as Temp.
Date Time (cfs) [ Lab 1 | Lab 2 | USFS {ppb) CaC0z) pH (°F.)
May 1 | 0605 <0.]
0825 6.8 <0.1 <0.1 29 7.3 | 47.5
0905 <0.1
1009 <0.1 <0.1
1029 <0.1 <0.1 <0.1
1531 <0.1
May 2 | 1058 6.4 <0.1 <0.1 7.3 | 47.5
1100 <0.1
1110 0.6
1122 0.14 0.1
1140 <0.1
1153 0.32 <0.1
1522 <0.1
1531 , <0.1]
May 5 { 1040 5.4
1305 5.5 7.3 | 47
1600* g.1
2000* <0.1
1 2310 . <0.1] 0.19 <0.1 26
2344 5.9 7.3 | 47.5
2400* J0.1 :
May 6 | 0010 1.0
0049 6.0
otiz | <0.}
0156 5.9
0210 <0.1 1.0
0307 6.3 <0.1
0400* <0.1
0410 <0.1 <0.1 26
0458 6.0
0510 <0.1 47
0554 6.1
0610 <0.1
0710 <0.1
0756 6.0
0800* A 0.1
0810 <0.1 0.1
0949 5.4 7.3
1010 0.32 <0.1
1048 5.3
1200* 0.1
1430 <0.1
1500* <0.1
1515 5.8
May 7 {1107 5.3 <0.1

*Estimated time *+ 4 hours. Samples takem with ISCO automatic sampler which was activated by

rise in stream flow.
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Figure 7. Rainfall, Stream Flow and 2,4-D Levels at the Blackhawk Monitoring
Station During Application and Subsequent Runoff

Vi-4




USFS Taboratory results for the runoff period verified State results to the
extent that levels of 0.1 ppb 2,4-D were measured during the late afterncon of
May & and the mornino of May 6, Timing of USFS samples cannot be reported
precisely because the ISCO sampler was activiatd by rise in stream flow
rather than by clock.

Stream flows during runoff at the monitoring station increased from 5.36 cfs
to a maximum of 6.26 cfs on May 5 and 6.

Rainfall as measured by the USFS at the Muslatt gage totaled 0.1 inch on
May 4, 1.8 inches on May 5, 1.1 inches on May 6, 1.3 inches on May 7, and 0.1
inch on May 8 {Figure 7).

Stream pH was 7.3 during the entire sampling period. Stream temperatures
ranged from 47°F., to 47.5°F. Stream hardness ranged from 26-29 ppm as
CaCo3. Air temperatures ranged from a nighttime low of 45°F. to a daytime
high“of 65°F. during May 1 to May 7.

Long Valley Site

One-hundred eighty acres paralleling the drainage stream were sprayed with
2,4-D at a rate of 2.8 pounds of active ingredient per acre from 0542 to 0720
on July 14. State staff collected grab samples from the drainage course where
it passed under County Route 42 during the period that time-of-travel esti-
mates indicated 2,4-D could be present.

Obsevers reported no deviation from BMPs during application, although a
variable northwest breeze appeared to occassionally exceed the BMP max1mum of
5 mph,

Table 4 Tlists sampling results. The maximum level of 2,4-D mesured was 0.1
ppb in samples collected 4 and 15 hours after 2,4-D application.

Thunderstorm activity in the Warner Mountains during the period August 14-22
resulted in a rainfall total of 2.4 inches being measured at the Mational
Weather Service station in Jess Valley. The majority of that rainfall
occurred on August 19 (1.01 inches) with measurements of 0.2, 0.13, and 0.14
inches on August 20, 21, and 22, respectively. Based on observable runoff in
road ditches, the USFS hydrologist for the district surmised that runoff had
occurred from the treatment site during the August 19-22 period. Optimum
sampling dates for 2,4-D runoff in Long Valley Creek would have been August 20
or 21 as well as August 22, even though stream flows were higher than pre-
storm flows present on August 22.

Analysis of a water samplie collected by USFS staff at the above station at
1030 on August 22 showed non-detectable 1eve15 of 2,4-D (<0 1 ppb) and 2,4
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Bear Camp/Homestead Flat Site

One hundred twenty acres were sprayed via helicopter with 2.8 pounds of
2,4-D per acre from 0730 to 0830 on 14 July 1983. No deviations from BMPs
were reported by USFS personnel or the applicator. Campers in the Bear Camp
Flat area contended there was occassional lateral drift of spray to an
extent that some seeps and springs within buffered areas were contacted by
the spray. State staff estimated that northwest winds occassionally exceeded
5 mph.

A fluorometer was unavailable for monitoring and dye was not used in the
spray mix. State staff sampled East Creek and guaged stream flow at a
station 200 yards downstream from the confluence of South Fork.

Table 4 and Figure 8 show sampling results. Concentrations of 2,4-D at
the monitoring station peaked at 7 ppb about one hour after spraying started.
Detectable levels of 2,4-D were present for another five hours after the
peak concentration. Time-of-travel estimates indicate that monitoring
occurred during the peak runoff of 2,4-D.

Similar to the Long Valley site, thunderstorm activities during the August
19-22 period caused an increase in East Creek flows. Analysis of a USFS
sample taken at 1130 on August 22 resulted in non-detectable Tevels of 2,4-D
(<0.1 ppb) and 2,4 Dichlorophenol (<1 ppb). A flow of 5.4 cfs was measured
by USFS staff at the sampling time and location. East Creek flows receded
during the afternoon of August 22. Subsequent substantive rainfall did not
occur in the area until October 23 and 30. Water samples were not taken
during that period. As stated for the Long Valley site, optimum sampling
time for 2,4-D in East Creek runoff would have been during October 20 and 21
as well as October 22.

The State's contractual Taboratory analyzed spiked samples of 2,4-0 concur-
rently with the East Creek/Long Valley Creek 2,4-D samples. Recovery rates
of 98 and 100 percent were achieved for spiked samples containing 100 ppb and
0.1 ppb, respectively.
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Table 4. Results of Long Valley and Bear Camp/Homestead Sites
Water Sampling and Gauging

Long Valley
2,4
Dichloro- Water Air
Flow 2,4-D phenol Temp. Temp.
Date Time (cfs) (ppb) {ppb) pH (°F.) (°F.)
7/14/83  (0540% <0.1
0640 0.25 0.1 7.2 48 50
0740 <0.1
0940 0.1
2015 0.1
7/15/83 0630 <0.1
8/22/83 1130 0.04 <0.1 <1

Bear Camp/Homestead

2,4
Dichloro- Water  Air
Flow 2,4-D pheno] Temp. Temp.
Date Time (cfs) {pob) {ppb) pH (°F.) (°F.)
7/14/83 Blank** <0.1
0740%* 0.1
0805 <0.1 7.6 46 52
0835 7
0911 4
0937 2
1039 11.5 1
1140 1 7.6 51 80
1240 0.7
1345 0.6 60 68
8/22/83 5.4 <0.1 <1

* Pre-spray samples
** Field blank containing 2,4- D free water
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Hornet Gulch Site

The Hornet Site was sprayed with 2,4-D and Glyphosphate (Roundup) with manual
backpack snrayers during the period June 24-29, 1983. In this type of
operation, herbicide is sprayed onto individual plants. Average application
rate was 25 gallons per acre of a mixture containing 3 quarts 2,4-D, 3
quarts Glyphosphate, and 25 gallons of water.

Water monitoring of Hornet Creek was done by USFS staff during each day of
the application period pursuant to time of concentration estimates. Nine
samples were taken over the six-day period; all samples were analyzed to
contain <0.1 ppb 2,4-D. USFS observers stationed in buffer strips reported
no spray drift during treatment. None of the spray detection cards placed by
the USFS at 50-foot intervals along Hornet Creek showed any evidence of
drift.

Light rainfall occurred in the area on August 23 and September 22. Atlthough
runoff from the treated area was deemed doubtful, two water samples were
taken on August 23 and one was taken on September 22. On October 30 and 31,
0.62 and 1.68 inches of rainfall, respectively, was recorded at McCloud. A
stage sampler sampled Hornet Creek automatically on October 30 and a grab
sample was obtained at 0900 on October 31. Less than 0.1 ppb 2,4-D was
analyzed for all.runoff samples except the October 30 sample which was
reported to contain 0.1 ppb 2,4-D.

Gap Site

The Gap site was sprayed on September 13 from 0800 to 0930 with a mixture
of 3.6 quarts 2,4-D (1.8 pounds active ingredient), 6 pounds Dalapon, and
4 pounds Atrazine in 15 gallons of water at a rate of 15 gallons per acre.

USFS staff monitored Gap Creek for 2,4-D pursuant to time of concentration
estimates during application of herbicides. The USFS reported no deviation
from BMPs. Water samples collected at the Gap Creek monitoring station by
USFS staff at 0715 and 0830 on September 13 contained <0.1 ppb 2,4-D.

No- subsequent rainfall was reported for the area until light rain started
falling late in the day of September 22. 0On September 23, 0.53 inches was
recorded at the USFS Guard Station at Big Bend. Rainfall intensity increased
in the early morning hours of September 23 and peaked at about 1100. State
staff measured stream flow and collected water samples at the Gap Creek
station during the ensuing runoff event on September 23 with the following
results:

Dichloro- Water
Flow 2,4-D phenol Temp.
Time (cfs) (ppb) (ppb) pH (°F.)
1000 0.26 <0.1 --
1100 0.46 0.1 <1
1220 <0.1 <1 7.8 51
1345 0.46 <0.1 <1
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Stream flow measurement and water sampling were suspended as rainfall waned
in the early afternoon. Additional moisture was not recorded for the area
until late October and early November. A sample obtained by USFS staff at
1020 on November 10 was analyzed to contain <0.1 ppb 2,4-D.

Hardpan 25 Site

This site was sprayed on September 12 from about 1030 to 1400 with a mixture
of 3.6 quarts 2,4-D, & pounds Dalapon, and 4 pounds Atrazine per 25 gallons
of water at a rate of 15 galions per acre.

USFS staff monitored tast Fork Nelson Creek for 2,4-D pursuant to time
of concentration estimates during application of herbicides. The USFS
reported no deviation from BMPs. Water samples collected at the East Fork
Nelson Creek station by USFS staff at 1050 and 1230 on September 12 contained
<0.1 ppb 2,4-D.

No rainfall was reported for the area until September 23 when 0.53 inches
was recorded at the USFS Guard Station at Big Bend. USFS staff measured
stireamflow and sampled the East Fork Nelson Creek station on that date. A
flow of 2.0 cfs was measured at 1100. A water sample collectd at 1100
contained <0.1 ppb 2,4-D. Measurements and sampling were suspended as rainfall
ceased in the afternoon and it was not apparent to the USFS hydrologist that
runoff had occurred in East Fork Nelson Creek during the September 22-23
rainfall. Additional rainfall was not recorded for the area until late-
October, early-November.

Flows increased at the East Fork Nelson Creek monitoring station on November
1. Water samples taken by USFS staff at 0930 on that date and subsequently at
1230 on November 10 contained <0.1 ppb 2,4-D.

Whitmore 17 Site

Champion Interrationl Corporation treated this site with 1.8 pounds per acre
of active ingredient 2,4-D on September 16 from 0753 to 1226. An adjuvant
to increase spray drop size and control drift was added to the spray mixture.

Shasta County Agricultural Commission permit terms were followed; no deviation
from those terms was reported during treatment.

Champion employees monitored treatment and obtained water samples from
two stations, one on each of the tributaries draining the treated area.
During the period 1027 to 1242 a maximum level of 0.1 ppb 2,4-D was analyzed
in samples from Station 2. Analysis of Station 1 samples resulted in levels
of <0.1 ppb 2,4-D.

No rainfall was reported for the Whitmore area subsequent to treatment
until September 23 when 2.5 inches was recorded at the California Department
of Forestry Fire Station. Champion employees noted an increase in flow and
sampled Stations 1 and 2 at 1200 and 1023, respectively, at what was judged
to be the crest in runoff from the treatment site. Analysis of those samples
resulted in levels of <0.1 ppb 2,4-D.

Significant additional rainfall did not occur in the Whitmore area until
October 23 and 24. \Water samples were not taken during that time with the
assumption that any 2,4-D amenable to runoff from the treatment site would
have entered the drainage courses during the September 23 runoff event.
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VII. CONCLUSIOMS AND RECOMMENDATIONS

Adequacy of Best Manaaement Practices for 2,4-D Use

At the sites monitored in this study, USFS 8MPs/quidelines and County Agri-
cultural Commissioner permit terms prevented 2,4-D in surface waters from
exceeding State water quality objectives during application and subsequent
rainfall runoff. USFS 8MPs and Shasta County permit terms appeared adeduate
for controlling 2,4-D runoff under adverse conditions, i.e., large percentage
of the watershed area sprayed, steep slopes, near-saturated soils at some
sites, presence of numerous live and intermittent streams in the sprayed area
that were difficult to see from the air, and substantial rainfall relatively
soon after spraying.

Width of buffer zones (no-spray areas) and the decision to spray or not to
spray over dry (but intermittent) drainage courses are flexible under current
USFS BMPs and County permit terms. Results from all aerially-sprayed sites
demonstrated that reaquiring 100-foot buffers along both sides of flowing
streams is an effective practice in meeting State water quality objectives
during 2,4-D application. Runoff of 2,4-D from sites where dry intermittent
stream courses were sprayed was no areater than from sites where both flowing
and dry stream courses were buffered and left unsprayed. However, most 2,4-D
spraying occurs during spring and fall months when rainfall/runoff is 1likely
soon after 2,4-D use. Therefore, it appears prudent and justifiable to buffer
intermittent stream courses at sites where. downstream waters provide a public
water supply or valuable fishery, fishing, or other beneficial use(s) that can
be affected by the herbicide.

Buffered areas of less than 100 feet on each side of the stream course were
not used at the study sites; therefore, it is not possible to predict 2,4-D
levels in surface waters if narrower buffers had been used. Because of
public concern and the efficacy of 100-foot buffers demonstrated in this
study, buffer strips of at least 100 feet on each side of the stream course
appear justified.

Tracer dye in the spray mix and fluorometric capability proved %to be a
valuable monitoring tool in the Blackhawk operation; water samples could be
taken when the fluorometer indicated the presence of dye and therefore
the presence of 2,4-D.

Along with buffered areas in the spray site, wind velocity during spraying
appears to be a critical factor influencing drift of 2,4-D into surface
waters. USFS BMP aquidelines sucgest that in most instances herbicide should
be applied during wind velocities ranging from 2-10 mph. County permit terms
curtail application if wind velocities exceed 8-10 mph. A 5 mph maximum wind
velocity was followed at the Blackhawk site resulting in a maximum measured
level of 0.6 ppb 2,4-D in the drainage stream during site spraying. In that
situation it was observed that the helicopter inadvertantly sprayed over the
stream in one swath., The same BMP (5 mph) was to have been followed at the
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8ear Camp site, but the State abserver was convinced that wind qusts occas-
sionally exceeded 5 mph and & camper in the area claimed iateral drift of the
soray mixture. In that situation a maximum of 7.0 ppb 2,4-D was measured in
the drainage stream during spraying. It is unknown whether the higher 2,4-D
Tevel at Bear Camp was caused by wind drift or by the helicopter inadvertantly
spraying one of the-streams in the sprayed area. Nevertheless, the demon-
strated efficacy of restricting spraying to times when wind velocity is 5 mph
or less is a strong argument for incorporating that value in USFS BMP guide-
Tines and county permits,

Recommendations: A.l. As applied to aerial 2,4-D sites which contain surface
waters or which are contigquous to surface waters that
provide a ublic water supply, fishery, or other
beneficial use{s) that can be affected by the herbi-
cide, BMP guidelines and County Agricultural Commis-
sioner permit terms should be revised and standardized
to call for (a) no less than 100-foot buffers along
both sides of flowing and dry intermittent streams,
and (b) wind velocities of no greater than 5 mph
during 2,4-D application.

A.2. The SWRCB should reauest the State Department of Food
and Agriculture to adopt USFS BMPs/gquidelines ({as
revised in recommendation A.l.) for implementation by
County Agricultural Commissioners.

A non-toxic dye tracer and fluorometer should

A.3. be used routinely in all aerial 2,4-0 applications
where on-site contiguous surface waters provide a
public water supply, fishery, or other beneficial
use(s) that can be affected by the herbicide.

Adherence to BMPs During 2,4-D Application

Monitoring results indicated that BMPs were followed during this study
except for two instances. During the Blackhawk operation the helicopter
sprayed over a live stream on one swath. During the Bear Camp treatment a
stream was sprayed inadvertantly or spraying occurred during wind veloci-
ties that exceeded the 5 mph BMP guideline. Resultant 2,4-D measured at
the monitoring stations was less than the level of present numerical water
guality objectives. Water quality objectives were met during 2,4-D application
and during the initial rainfall after application at all study sites.

Recommendations: B.l. Entities responsible for 2,4-D use should ensure
that buffered areas are easily identifiable.

B.2. Applicators should fly spray sites in advance of

2,4-D application to confirm the location of buffered
areas.
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2,4-D Runoff from Application Areas

Monitoring detected 2,4-D levels >0.1 ppb only at the Blackhawk station
during rainfall runoff.

Maximum discharge levels of 2,4-D from the Blackhawk site were 0.6 ppb during
spraying and 1.0 ppb during the ensuing rainfall. Measurable 2,4-D was
present for about 45 minutes during spraying on May 2. Measurable 2,4-D
occurred during an approximate 20-hour period on May 5 and 6 when the first
nost-spray rainfall occurred. Highest 2,4-D levels coincided with the initial
rise in stream flow and maximum stream flows during the 20-hour period.
Maximum 2,4-D Tevels and stream flow proceeded maximum rainfall by about four
hours, which is about the maximum travel time of water through the sprayed
areas. No measureable 2,4-D was present in runoff during the second rainfall
event that proceeded spraying (from mid-day June 6 until mid-day June 7).
This would indicate that (1) 2,4-D subject to mobilization was carried out of
the sprayed area during the initial rainfall, and (2) monitoring after an
initial, substantive rainfall would be unproductive under conditions similar
to the Blackhawk situation. With the variation in laboratory results (see
Table 3), it would not be meaningful to estimate the mass emission of 2,4-0
from the sprayed site. It is also not practical to report a 24-hour average
2,4-D concentration for Blackhawk Creek during the May 5 and & runoff. Sample
results indicate the 2,4-D level did not exceed 1.0 ppb during that period.

It is possible that rainfall runoff containing 2,4-D may have been present at
the Bear Camp station prior to sampling that occurred on August 22. \Water
samples and flow measurements of East Creek were not taken during the August
19-21 period when substantial rainfall occurred. Whether the majority of
rainfall percolated into the soil or resulted in overland flow during that
period cannot be determined confidently. Surface soils were dry and, there-
fore, conducive to percolation prior to the rainfall period. Runoff did
appear to be occurring on August 22 when sampling results indicated that East
Creek contained non-detectable levels of 2,4-D. —_—

The 2,4-D breakdown product, 2,4 Dichlorophenol, was not measured at detecta-
ble levels downstream from four treatment sites before, during, or after
spraying. This indicates that 2,4 Dichlorophenol monitoring is unnecessary.

Recommendations: C.1. Numerical water quality objectives relating to silvi-
culture and 2,4-0 should be adjusted to control the
maximum concentration of 2,4-D in receiving waters
rather than the average concentration.

€.2. Available analytical funds should be used for para-
meters other than 2,4 Dichlorophenol.

Efficacy of Monitoring Program
The monitoring program appeared adequate to meet project objectives. 2,4-D
was detected when present (with the possible exception of runoff at the Bear

Camp site) and it is unlikely from the monitoring results that any large,
short-duration "slug® of 2,4-D missed being sampled. Additional 2,4-D samples
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and more split samples (for comparative laboratory analysis) during the height
of runoff would have improved monitoring results.

Recommendations: 0.1. Post-2,4-0 appliication monitoring should focus on
the initial rise and crest of stream flow draining
the sprayed area.

D.2. Split 2,4-D samples should be taken every one-half
hour during stream rise and crest. One-half of
the samples taken over the rise/crest period should
be submitted for analysis. [f laboratory results
show 2,4-D Tevels of 1 ppb or greater, the remainder
of the samples should be submitted for analysis.

Laboratory Analyses

Results from three laboratories relative to Blackhawk sampling tended to
verify that amalytical accuracy and precision are difficult with concentra-
tions of Tless than 1 ppb 2,4-D. However, as concentrations below 1 ppb are
not believed harmful to humans or aquatic 1ife, laboratory accuracy and
precision at such Tevels do not appear critical.

There appear to be no benefits to reporting of 2,4-D concentrations in one-
hundredths of parts per billions; tenths of parts per billion is sufficient
for the use made of analytical results.

Recommendations: Laboratory clients should:
E.1. Provide the laboratory with duplicate 1l-Titer samples
or one 2-liter sample for thaose 2,4-D samples believed
to be critical;

E.2. Provide the laboratory with spiked samples of 1 ppb
and 10 ppb 2,4-D along with other samples to he
analyzed at least once per year;

E.3. Direct the laboratory to retain the extracts from
all samplies for verification analyses if so requested
by the client; and

E.4. Request the laboratory to round off the reported
2,4-D concentration to the nearest one-tenth part per
bilTion (microgram per liter).

Future 2,4-D Monitoring by Regional Water Quality Control BSoards and 2,4-D
Applicators

Program results indicate that State water quality objectives are met during
2,4-D application with implementation of BMPs described in this report.
Results also indicate that water monitoring should occur routinely in situa-
tions where deviation from BMPs could result in 2,4-D introduction to impor -
tant surface waters. Monitoring and sample analysis by both applicators and
regulatory agencies do not appear necessary on a routine basis; the objectives
of monitoring can be achieved by applicator self-monitoring, with observation
and occasional checking by regulatory agencies. Based on the limited scope of
this study, monitoring of runoff following 2,4-D application is necessary only
if stream buffering and maximum wind velocity recommended in this report or
other existing USFS BMPs are not followed.
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Recommendations:

F.l.

F.2.

F.3.

F.4.

F.5.

F.6.

2,4-0 applicators should monitor water quality rou-
tinely during those applications where 2,4-D could
enter surface waters that provide a public water
supply, fishery or other beneficial use(s) that can be
affected by the herbicide.

Regional Boards should observe and occasionally
check monitoring activities associated with 2,4-D
application on sites where 2,4-D could enter surface
waters that provide a public water supply, fishery or
other beneficial use(s) that can be affected by the
herbicide.

Unless USFS BMPs/guidelines and this report's recom-
mendation on buffer width and wind velocity are
followed during 2,4-D application, the applicator
should monitor water guality during the first runoff
from sprayed areas that drains into surface waters
that provide a public water supply, fishery, or other
beneficial use(s) that can be affected by the herbi-
cide.

Monitoring activities other than water quality moni-
toring (including ground observation and spray deposit
cards) should be done routinely by the applicator
during those applications where there is low risk of
2,4-D0 discharge to surface waters having high bene-
ficial use.

The USFS and County Agricultural Commissioners should
consulit with the appropriate Regional Boards and the
Department of Fish and Game for identification of
beneficial uses of surface waters within and con-
tiqguous to 2,4-D application sites.

The USFS and Department of Food and Agriculture,
through the County Agricultural Commissioners, should
routinely notify the appropriate Regional Board in
advance of intended herbicide applications.
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(USFS - NATER QUALITY MANAGEMENT FOR' NATIONAL FOREST SYSTEM L
LAKDS N CALIFORNIA - |  Appendix |

PRACTICE: 5.8 Pesticide Use Plannina Process

OBJECTIVE: To introduce water qualily and hydrologic considerations into the
pesticide use planning process.

EXPLANATION: The Pesticide Use Planning Process (PUPP) is the framework for
incorporation of hydrologic considerations contained in BMPs 5.9 throuah 5.1a,
An EA/EIS addresses these considerations in terms of impacts and mitigation
measures. Project work and safety plans then specify manaagement direction.

IMPLEMENTATION: The ID team evaluates the project in terms of site response,
social .and environmental impacts and the intensity of monitorina needed. The
responsible 1ine officer then orepares an EA/EIS, Project Plan, and Safety
Plan. Approval authority for proposed pesticide projects involving 100 acres
or less, not restricted by the categories below, and housekeeping-type
pesticides {2150.5) is deleaated to Forest Supervisors. The FS Field
Integrated Pest Management Work Group reviews and approves project proposals
involving 2,4-D, direct application to water, insect and disease control,
rodenticides, aerial application, or greater than 100 acres for compliance
with all established quidelines and procedures. Only the Reqional Forester
may approve projects involvina sodium cyanide and the use of pesticides in
Wilderness other than for insect and disease control. Sensitive issues
involving TCDD and use of pesticides for insect and disease control in
designated Wilderness Areas are reviewed and approved by the W0 Integrated

Pest. Management Work Group/Chief.

. RECOMMENDATION: Best Management Practice.

. PRACTICE: 5.9-Apply Pesticide According to ‘Label and EPA ReqiStration

OBJECTiVEE To avoid water cqntamihation by complying with all izbe} ‘ -.
instructions and restrictions.’ ‘ S ' .

EXPLANATION: Directions found on the label of each pesticide are detailed and
specific, and include leqal requirements for use. o
IMPLEMENTATION: Constraints identified on the label are. incorporated into
project plans and contracts.” For in-service projects, responsibility for
ensuring that label directions are followed rests with the Forest Service
Project Director who shall be a certified commercial applicator. For
congracted projects it is the responsibility of the contracting officer or his
designated representative to ensure that label directions are followed.

RECOMMENDATION: Best Manageﬁént-Practice.
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5.10 Pesticide Application Monitoring and Evaluation

- PRACTICE:
OBJECTIVE: To determine whether pesticides have heen appliied safely,
restricted to intended tarqet areas, and have not resulted in unexoected

non-tarqet effects

To document and provide early warning of possible hazardous conditions
resulting from possible contamination of water or other non-tarqet areas by

pesticides. . -

To determine the extent, severity and probable duration of any notent1a1
hazard .that might ex1st

EXPLANATION: This oractlce-documents the placement accuracy, amount applied,
and any water quaﬁty effects so as to reduce or eliminate hazards to -
non-target species. Monitoring methods include spray cards, dye tracing, and
direct measurement of pesticide in or near water. Type of pesticide, type of
equipment, application difficulty, public concern, beneficial uses, monitoring
difficulty, availability of laboratory analysis and apolicable Federal, State
and local laws and requiations are all factors con51dered when deve?opinq the

monitoring plan.

IMPLEMENTATION: The need for a monitorinag plan is identified during the
pesticide use olanning process as part of the project EA/E]IS. The water
quality monitoring plan will specify responsbilities for sample collection.
water gquality specialist w131 evaluate and 1nternret the water quality

mon1tcr1nq results.

A

RECOMMENDATION: Best Management Practice.

PRACTICE: 5 11 Pesticide Sp)?l Cont1nqency Plann1nq
 OBJECTIVE: To reduce contamlnatzon of water by acc:dental nest1c1de soills.

EXPLANATION: The Forest 0i1 ‘and Hazardous Substances Pollution Contvnaency
Plan prepared by each Forest consists of predetermined actions to be
implemented in the event of & pesticide spill. The plan lists who will notify
whom and how, time requirements for the not1f1cat1on, quidelines for spill ‘
containment, and who will be resnonsbee for clean-up. -

IMPLEMENTAIION._ PESth!de spill continqencv plannan 1s in the Pro1ect Safety
Plan. The environmental analysis process provides the means for including '
public and other agency irivolvement in plan preparation. The p]an will list
the responsible authorities. A

RECOMMENDATION: Best Manaqemént Practice.
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- PRACTICE: 5.12 Cleaning and Disposal of Pestié%de Containers

08JECTIVE: To prevent water contamination resulting from cleaning or disposal
of pesticide containers, ‘

EXPLANATION: The cleaning and disposal of pesticide containers must be done
in acoordance with Federal, State, and local laws, requlations, and
directives. Specific procedures for the cleaning and disoosal of pesticide
containers are documented in FSM 2157.3, R-5 Operational Guides for Aerial
Aoplication of Herbicides, FSH 2109.12, and State and local Taws,

IMPLEMENTATION: The Forest or District Pesticide Use Coordinator (Certified
Commercial Apolicator) will aporove oroper rinsing. and disposal sites ang
arrange for disposal of pesticide containers when the pesticide is applied by
in-service personnel. When the pesticide is applied by a contractor, the
Contractor is reponsible for proper container disposal in accordance with
label directions and Federal, State, and local laws. ' :

RECOMMENDATION: Best Management Practice.
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PRACTICE: &.14 Controlling Pesticide Drift During Spra? Aoplication

0BJECTIVE: To minimize the risk of pesticide falling directly into water or
non-target areas.

EXPLANATION: The spray application of pesticide is accomplished according to
prescription that specifies the following: formulation, windsoeed and
direction, equipment, droplet size, spray height, temperature, relative
humidity, apoplication pattern,.terrain, and flow rate. -

IMPLEMENTATION: The prescription is prepared by an ID team working with the
Forest or District Pesticide Use Coordinator during the project planning part
of the environmental assessment process. On. in-service projects, the Forest
Service Project Director is responsible for ensuring the preventive ,
prescription is followed during application and for closing down application
when specifications are exceeded. These responsibilities belong to the
Contracting Officer or his designated representative on contracted projects.

RECOMMENDATION: Best Management Practice. 7 .

-
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2,4-D TIMBERLARD PERMIT CONDITIONS - AIR APPLICATION

— R ] ] _ .—‘-‘_




NN

N

ANEN

NS

10.

1l1.

Sh oo ) 2R

EXAMPLE OF SHASTA COUNTY DEPARTMENT OF AGRICULTURE Appendix 3
FOREST HERBICIDE PERMIT CONDITIONS

A pre- application site inspection by the Agricultural Commissioner
will be made prlor to the application.

No herbicide shall be applied aerially within 100 feet of a "blueline
stream, and herbicide applied within the next 400 feet shall have an
approved drift inhibitor incorporated into the spray mixture.

No unauthorized person shall be on the spray or batching site.

The permittee shall maintain an hourly log of wind velocity and
direction during the application and submit a copy with the
Pesticide Use Report.

Pursuant to Section 2458(a) Admin. Code, discharge of spray material
is permitted more than 10 feet above the crop or target and shall
be made as close to target vegetation as is deemed reasonable and
safe by the pilot.

Helicopters carrying herbicide shall not fly over "blueline" streams
if reasonably avoidable.

Spray site boundaries and "blueline" streams within site shall be
marked or identified to the satisfaction of the Agricultural
Commissioner and pilot and sufficient to permit ready identification
by pilot during herbicide application.

No application shall be made when precipitation occurs or the
U.S.Weather Bureau predicts a 70 percent or greater chance of rain
in the next 24 hours in the area of the application.

The Pest Control Operator must receive a copy of the pesticide permit
and its conditions and a copy of the written recommendation prior to
the pesticide application.

The Pest Control Operator must submit the Pesticide Use Report to
the Agricultural Commissioner.

Food & Agriculture Code Section 12825 and 14006.5 duly considered
in issuance of this permit and/or pesticide application.

Permit Conditions Acknowledged: Date: 2?454%5

Permittee/Representative Irfspector/Commissioner
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SUMMARY AND CONCLUSIONS

In the last few years, mats of floating water hyacinth plants have grown to
levels that impair boat navigation in some of the smaller channels of the
Sacramento-San Joaquin Delta. SB 3144 requires a program for hyacinth control
administered by the Department of Boating and Waterways (DBW). One control
strategy being considered is the use of the herbicides 2,4-D DMA (dimethylamine
salt of 2,4-D; product name "Weedar 64") and diguat. Limited spraying of those
herbicides over 20 acres was conducted in 1982 for test and demonstration
purposes. Herbicide spraying will probably be expanded in future years.

The 2,4-D DMA herbicide will likely be the main herbicide used due to relatively
low cost and high effectiveness. EPA's present residue limit for drinking water
of 100 ppb for 2,4-D DMA appears adequate for protection of drinking water and
public health, based on existing knowledge of 2,4-D DMA toxicity. However, gaps
in our present knowledge of the carcinogenicity of 2,4-D indicate the advisability
of minimizing human intake and exposure.

Water quality data from the 1982 tests indicate: (1) the residue limit will be
met for water leaving the spray plot; (2) fish mortality will not occur; (3) some
fish may temporarily absorb enough 2,4-D DMA to impart an undesirable taste to
their flesh for a few days; and (4) some mortality of aquatic invertebrates on
which fish feed may occur within the spray plot only. Rapid breakdown of 2,4-D
DMA apparently does not occur in all natural waters. Some studies have indicated
persistence up to 6 months. It is recommended that DBW conduct testing to docu-
ment the actual extent of breakdown in Delta waters. ‘

The EPA residue limit of 100 ppb provides minimal protection for certain broad-
leaf crops (e.g. grapes) that are particularly sensitive to 2,4-D DMA. A guide-
line residue limit of 20 ppb would provide adequate protection for sensitive
agricultural and domestic plants and an additional margin of safety against
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INTRODUCTION

This report describes briefly the history of the water hyacinth problem in
the Sacramento-San Joaquin Delta, outlines proposed measures for its control
and evaluates the potential water quality effects of herbicides propcsed for
control. Special emphasis is given to herbicide residue limits in water.

- The water hyacinth (Eichhornia crassipes) is a floating freshwater aquatic
plant native to tropical South America. Water hyacinth plants can grow and
reproduce rapidly, forming dense continuous mats that can hinder navigation
and foul fishing gear. On the positive side, water hyacinths. remove nutrients
and heavy metals from the water (Stephenson et al 1980) and are attractive
with their delicate lavender flowers.

The water hyacinth was introduced to the southern United States in the late
1800's and rapidly became a nuisance to navigation in areas of Florida and

Louisiana. Since the 1960's hyacinth in those states has been effectively

controlled by the U. S. Army Corps of Engineers through programs combining

application of the herbicide 2,4-D and introduction of insects that eat

hyacinths.

The water hyacinth was introduced to northern California, probably as an orna-
mental, early in this century. It soon became established in the Sacramento-
San Joaquin Delta. Hyacinth mats have been a- common sight in remote backwater
areas of the Delta for many years. During the last few years however, hyacinth
mats have rather abruptly reached nuisance levels in many .of the smaller channels
of the southern and eastern Delta {Figure 1). Many marinas have become so
clogged with hyacinth that navigation (mostly pleasure boats) has been hampered.
Hyacinths can foul propellers and clcg engine cooling water intakes. The cause
of the sudden hyacinth explosion is not documented, but may be related to a
series of mild winters in 1979-81. The main channels of major waterways have
not yet been greatly affected, and the problem was generally not as severe in
1982 as in 1981.

THE DELTA PROGRAM
The passage of SB 3144 (Attachment 1} by the California Legislature in
June 1982 mandated a program for control of water hyacirths in the Delta.
The lead agency is the California Department of Boating and Waterways (DBW).
DBW has contracted with the Corps of Engineers Waterways Experiment Station,
Vicksburg, Mississippi, to develop a long-term control plan, produce an
EIR/EIS, and perform control actions. The Corps has much experience control-
ling water hyacinth in southern states. The control plan and EIR/EIS are
scheduled for completion early in 1984. 1In the interim, control efforts will
be conducted as experimental and emergency measures.

Three control strategies are presently proposed by DBW for concurrent use in

the program: (1) mechanical harvest or barriers, (2) introduction of hyacinth-
eating insects, and (3) herbicides, Harvesting is relatively expensive and
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would only be used where immediate removal is necessary, e.g. when hyacinths
cleg intakes to the Delta-Mendota Canal. Barriers (log booms) would be
constructed in selected areas to prevent drifting hyacinth clumps from enter-
ing marinas and becoming established. Introduction of hyacinth-eating insects
is the strategy least certain of success. Two South American weevils that eat
only water hyacinth, Neochetina eichhorniae and N. bruchi, are proposed for
introduction to the Delta. Those species have been effective in helping control
hyacinths in the southern states; they may greatly reduce the need for herbicides
in the Delta if they can survive and reproduce there. Herbicides would be used
to kill hyacinths where they have reached nuisance levels (e.g. marinas) and
also in more remote areas where mats can grow and plants can break off to drift
and infest new areas,

It is probably impossible to eliminate the water hyacinth from the Delta. The
goal of the program will probably be to reduce the hyacinth population to a
level where only periodic maintenance treatments are necessary.

This year's hyacinth control efforts have been concluded. Hyacinth weevils

were introduced in an experimental area in the southern Delta and about 20 acres
were treated with herbicides and intensively monitored for water quality effects.
This year's efforts were designed to test and demonstrate control technologies
rather than achieve significant reductions. Higher levels of herbicide spraying
will probably commence next spring, though DBW has no formalized plansg vet,.

REGISTERED HERBICIDES

The herbicides 2,4-D DMA ("Weedar 64", Union Carbide) and diquat (Digquat Water
Weed Killer”, Chevron) have been proposed by DBW and the Corps for hyacinth
control. Both herbicides are registered by EPA and the California Department

of Food and Agriculture for use in “rivers which are slow moving®. The labels
for the two herbicides specify dosages to be used, residue limits for uses of
treated waters, and some generalized use restrictions to preserve beneficial

uses of water. The herbicide glyphosate ("Scout”, Monsanto) may soon also be
registered for hyacinth control. Glyphosate is the subject of an upcoming report
of the State Board's Toxics Program. Aquatic use of glyphosate will be evaluated
in a future paper if its widespread use appears likely. FPFor the Delta program, '
2,4-D DMA appears to be the herbicide of choice based on cost, effectiveness

and use experience. Chemical costs per acre are about $10.00 for 2,4-D DMA and
$40.00 for diquat. 2,4-D DMA kills the entire hyacinth plant, but diquat kills
only the tissues it contacts, allowing root and stem offshoots to grow and form
new plants. Diquat's advantage is its low potential for water quality impacts
due to its rapid and irreversible binding to clays and organic matter. If
significant use of diquat occurs, it will probably be only in localities where
extra water quality protection is desired  (e.g. enclosed marinas and areas near
agricultural crops sensitive to 2,4-D DMA),

The water quality impacts of 2,4-D DMA and diquat are evaluated below. 2,4-D DMA
is examined more closely than diquat because its potential for water quality °
impacts is higher, its use will be greater, and it is more controversial.



2,4-D DMA

Background and Environmental Fate

2,4-D DMA is the abbreviation for the dimethylamine salt of 2,4-dichlorophenoxy-
acetic acid. 2,4-D DMA is a related but different compound than the 2,4-D
esters used in forestry. 2,4~D DMA and the 2,4-D esters all hydrolize to the
parent compound (2,4-D acid). 2,4-D DMA is widely used in agriculture and is
present in home use products such as "Weed-B-Gon”, "Weed and Feed™, and "Turf
Builder®. 2,4-D compounds are more toxic to broadleaf plants than grasses or
conifers. In this paper, all weights of 2,4-D DMA are expressed as 2,4-D acid
{("acid equivalent®).

The chemical structure of 2,4-D DMA is:
CH,
a H-NH<
3

Pure 2,4-D DMA 1s a white odorless crystalline solid. Its vapor pressure 1s
10 =9 torr at 28 C, and it is highly water soluble (300 g in 100 g H_0 at 20 C)
(WSSA 1974). Thus, amounts applied in the hyacinth control program“will
completely dissolve and volatilization from the water will not be significant.

The persistence of 2,4-D DMA in the agquatic environment is variable. Many
laboratory experiments have demonstrated complete breakdown in natural waters
within a matter of days. Field studies in Florida and Georgia ponds demonstrated
degradation to undetectable levels in water, sediment and fish within 3 to 28
days (Gangstad 1978). Some experiments, however, have demonstrated persistence
W to 6 mopthe. _Armarently. +he nracanca. nf tha nrconar miproaara-miorsis

e

Field Test Residues
DBW, in coordination with the U. S. Department of Agriculture, Agricultural
Research Station, Davis, conducted two field test and demonstration sprays of
2,4-D DMA on the Delta in 1982, A one-half acre plot near Coney Island was
sprayed in mid-July, and about 20 acres in plots along Disappointment Slough

were sprayed in early October (Figure 1). At Coney Island, maximum residues
found ware 8 . 490 b fOarte mar BiTl1iom)l witkhim Fhoa crmrat mdmde amed CO e oo de ot T




TABLE 1. RESIDUES OF 2,4-D DMA (ppb) FOUND IN CONEY ISLAND FIELD TEST
JULY 1982, APPLICATION RATE WAS 5.1 POUNDS PER ACRE. “
DETECTION LIMIT WAS 2 ppb. (ADAPTED FROM ANDERSON, 1982a)

Float Samplersl/ Within Spray Plot

Sample: A B c D E F Average
-~ Concentration: 70 51 recovered 403 3150 1560 1047
. Water Column Samples
Time After Inside
Ap?lication Spray 2/ 2/
{Minutes) Plot Upstream— Dowr.stream—
15-20 8,42¢ se
530 20
3800 17
547
168
107
30 5
4
2
60-70 702 50
1389 0
593 | : 0
90 100 3
100 4
157 23

1 .
x/ Floating open-top vessels containing 500 ml Delta water.
3/ About 10 to 15 feet outside spray plot.
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TABLE 2. RESIDUES OF 2,4-D DMA (ppb) FOUND AT DISSAPPOINTMENT SLOUGH
FIELD TESTS, OQOCTOBER 1982. APPLICATION RATE WAS 4 POUNDS
PER ACRE. DETECTION LIMIT WAS 0.1 ppb (SOURCE: DEPARTMENT
OF BOATING AND WATERWAYS, UNPUBLISHED DATA.)

Downstream 50 Yards Upstream End
Location # End of Plot Downstream of Diversion
1 6 8
3 0
0 0
8 Q
2 0 0 0
0 0 0
.5 0 0.6
0.8 0 13
8.5 0
3 0 6
4 1)
0 0
0.6
4 0 0
0 0
2 0
0 0
0 0
0
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TABLE 3. RESIDUES, IN PPB OF 2,4~D DMA APPLIED AT 3.2 POUNDS PER ACRE FCOR
CONTROL OF WATER HYACINTH IN RICE IRRIGATION CANALS IN LOUISIANA.
(REVISED FROM GANGSTAD 1978)

Dilution Factorl/
~ R 0.15 0.18 ¢.23
Time 3/ 3/ 3/
{Days) Midplot bDownstream— Midplot Downstream— Midplot Downstream—
b 0.03 1 1 79 45 1 7
0.06 1 1 1 13 1 -1
0.03 1 1 3 3 1 1
2.00 1 1l 1 3 1 1
1/

Surface acres treated divided by cubic feet per second flow;
e.g., one acre of canal surface treated with a canal flow of
10 cubic feet per second would have a dilution factor of 0.10.

100 yards downstream.
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in Louisiana were lower than residues found in the Delta. The difference is
at least partially due to a higher application rate in the Delta. Downstream
of the spray plots, residues found in Louisiana were comparable to those
found in the Delta.

Drinking Water

The Weedar 64 label requires delaying use of treated water for either (1) three
weeks, or (2) until the water contains 100 ppb 2,4-D DMA or less. The U. S. EPA
(1976) criterion for 2,4-D in drinking water of 100 ppb is the source of the’
100 ppb limit on the Weedar 64 label. The EPA criterion was derived by apply-
ing a 1/500 safety factor to the lowest long-term dosage with no ill effects

on dogs (8.0 mg/kg/day), assuming a 70 kg person has a daily water intake of

2 liters which contain 20 percent of the total dietary 2,4-D intake. The
criterion appears to be appropriately derived. 2,4-D has been found to be
teratogenic (cause birth defects) in rodents, but only at levels of about 50
mg/kg and above (DHS/DIR 1980). The drinking water criterion thus appears to
protect against teratogenic effects. To date, scientific testing of carcinogenic
(causing cancer) effects of 2,4-D has been either inconclusive or inadequate.
Additional long-term testing has been required by EPA; unfortunately, the tests
will not be complete for about three years {Mountfort pers. comm.). Existing
knowledge does not support a lower criterion based on carcinogenicity. In view
of the incomplete knowledge, however, it is certainly prudent to minimize human
intake of, and exposure to, 2,4-D preoducts.

Conventional domestic water treatment processes apparently have little or no
effect in removing 2,4-D from water [Wojtalik et al 1971). Concentrations at
domestic water intakes would therefore apply to finished water. The test spray
data (Tables 1 and 2) indicate concentrations of 2,4-D DMA leaving spray plots
will not exeed the 100 ppb criterion.

Aquatic Life

2,4-D DMA is less toxic to aquatic life than the 2,4-D esters used in forestry.
The acute toxicity of 2,4-D DMA ranges from 3300 ppb for Daphnia magna (48-hour
EC50) (Sanders 1979) to 542,000 ppb for bluegill (24-hour LCS50) (Hughes and Davis
1963 . Acutely toxic levels of 2,4-D DMA to fish are typically greater than
100,000 ppb. Rainbow trout demonstrate an avoidance reaction to 1,000 ppb
{Folmar 1976). For comparison, 2,4-D butoxyethanol ester (2,4-D BEE) is acutely
toxic to glass shrimp at 1,200 ppb and to bluegill at 910 ppb (Sanders 1970).

The Delta field test data indicate 2,4-D DMA residuals from water hyacinth
treatments will not approach levels toxic to fish within the sprav plots or




Fish present within the spray plot may take up enough 2,4-D DMA or breakdown
phenols to impart an objecticnable taste to the flesh for a few days after
spraying. Water concentrations of 500 ppb impart "inferior™ taste and levels
of 100 ppb retain :acceptable' taste (Folmar 1980).

Chronic effects (occurring over periods of weeks to years) of 2,4-D DMA on
aquatic life appear not to be a threat. Dilution of applied 2,4-D DMA to
insignificant levels occurs within a few hours (Tables 1 and 2). If the
proper microorganisms are present in Delta waters, biological breakdown
probably occurs within a few days. To ensure concerned agencies and the
public that breakdown does indeed occur, it is recommended that DBW conduct

a simple concentration wvs, time test using Delta water in a closed laboratory

system,

Insufficient data exist to evaluate effects of 2,4-D DMA on freshwater algae
and higher aquatic plants other than water hyacinth. Phytoplankton are
generally not sensitive to 2,4-D acid at levels less than 10,000 ppb acid
(Voight and Lynch 1974). Avoiding adverse effects on willows and other
higher riparian broadleaf plants will depend on the skill and carefulness

of the operators. Bulrushes, common in hyacinth-preoducing areas,

are less sensitive to the toxic effects of 2,4-D DMA than broadleaf plants.

Irrigation

The rivers and sloughs of the Delta are boating waterways, are fish and wildlife
habitats, and, very importantly, are water delivery channels for agricultural
and municipal supplies, both local and distant. Agricultural supplies irrigate
crops directly and municipal supplies irrigate home garden crops and a great
variety of ornamental plants. Since 2,4~D DMA is an herbicide, its potential

to affect farm and home plants is great. The herbicidal effects of 2,4-D
compounds are greatest on rapidly growing broadleaf plants, which is why 2,4-D
compounds are effective in controlling broadleaf weeds in wheat fields and in
controlling brush in newly planted stands of conifers.

Toxicity to farm and home plants in the distant areas of the San Joaquin Valley
and southern California appears not to be a threat in view of the plant toxicity
data~ (Table 4) and the rapid dilution of residues (Tables 1 and 2). The main
concern is for relatively undiluted residues being directly drawn into Delta
farm irrigation systems and local municipal supplies. Concentrations within

the spray plots are high enocugh to injure agricultural crops.

Although the Weedar 64 label residue limit of 100 ppb appears to be generally
protective of agricultural crops, recent experiments have shown that concen-
trations lower than 100 ppb applied over prolonged periods (months) reduced
the growth (but not the yield) of grape plants (Comes pers. comm.). The margin
of safety between many crop injury thresholds and the label limit is small and
there are no toxicity data for the hundreds of domestic garden plants and for
some potentially sensitive Delta crops (e.g. sunflowers). It is therefore
desirable to have a greater degree of protection for local agricultural and
municipal intakes than is provided by the label limit of 100 ppb.
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A water.quality limit of S ppb for 2,4-D has been suggested in the ‘literature.
In an EPA-funded assessment of silvicultural chemicals, Newton (1977) suggested
a 2,4-D water quality limit of 5 ppb for protection of irrigation uses. He
derived that limit by applying a 5:1 safety factor to the highest 2,4-D concen-
tration having no known phytotoxic effect, which he erroneously cited as 22 ppb
from a report by Bruns et al (1973). The maximum no-effect level reported by
Bruns et al {1973) was actually 220 ppb; Newton apparently confused 2,4-D data
with silvex data in the Bruns report. A water quality limit of 5 ppb thus would
be overprotective and possibly not achievable by the water hyacinth control
program (Tables 1 and 2).

Presently, the maximum known no-effect level is 100 ppb (Comes pers. comm.).
Applying a 5:1 safety factor yields a safe level of 20 ppb., Test data to date
(Tables 1 and 2) indicate concentrations 50 yards away and greater from the
spray site will not exceed 20 ppb. Thus, the program can generally avoid con-
centrations greater than 20 ppb from entering intakes by not spraying within

50 yards of the intake., It is recommended that application of 2,4-D DMA in the
hyacinth control program be conducted such that concentrations entering agri-
cultural or municipal intakes not exceed 20 .ppb. The guideline of 20 ppb is
achievable by the program, will protect sensitive crops and domestic plants,
and will provide an added margin of safety for protection of public health.

Since 2,4-D DMA is classified by the Department of Food and Agriculture as a
*restricted use™ material, additional protection for sensitive crops will be
implemented by the county agricultural commissioner's permit process. The
Weedar 64 label directs that the product shall not be used in irrigation ditches
used to sprinkler-irrigate "sensitive crops” such as grapes and tomatoes. This
label directive will be implemented by the county agricultural commissioners
in issuing permits for spray operations. Federal agencies such as the Corps
are exempt from the state permit process. Since DBW is the lead state agency,
however, they have agreed to obtain permits for all 2,4-D DMA applications in
the Delta that they contract to the Corps.

DIQUAT

Background and Environmental Pate

’ Central Valley Regional Water Quality Control Board staff has summarized the

literature on diquat (Attachment 2). Diquat is of low volatility and highly
water soluble; diguat applied for water hyacinth control will completely
dissolve;and escape from water to the atmosphere will not be significant.
Diquat breaks down readily (weeks) when in solution. Diquat ion rapidly and
irreversibly attaches to foliage, organic detritus and clay particles.

Attached diquat is highly persistent (years) in the environment. Once attached,
diquat is unavailable for further toxic effects on plants or aguatic animals.

Field Test Residues

A test treatment of water hyacinth with diquat was conducted by DBW in coordi-
nation with the U. S. Department of Agriculture, Agricultural Research Station,
Davis, in June 1982. A one-half acre plot near Coney Island was sprayed and
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water samples were taken and tested for residues. Float samples within the
spray plot averaged 250 ppb digquat immediately after application (Table 5).
Only 1 of 6 samples taken within 15 minutes of application had a detectable
residue (25 ppb). Of 15 samples taken up to 2% hours after application, ncone
had detectable residues. The low number of positive findings probably relates
to the diquat's tendence to bind to particulate matter, which is generally
plentiful in Delta waters.

Drinking Water

The diquat label specifies a drinking water limit of 10 ppb. That limit is
based on a long-term, no-observable effect level of 10 parts per million

(10,000 ppb) to produce cataracts in rats and appears to be appropriately
derived (Federal Register No. 46(3):15281-84). Diquat is effectively adsorbed
and remcved from water by activated carbon or clay minerals used in some water
treatment plants (Zavins 1965 in Calderbank 1972). The test spray data (Table 5)
indicate the drinking water limit can be met for water leaving the spray site.

Agquatic Life

Short-term lethal concentrations of diquat to fish range from 20,000 to 90,000 ppb
(Attachment 2). The test spray data (Table 5) indicate no short-term threat to
fish life. Aquatic invertebrates are more sensitive to diguat than fish; the
24-hour LC50 to Hyalella is 580 ppb. Concentrations in the first few inches of
the water column approach that value, but only during the first few minutes

after application. It is uncertain whether toxic effects on invertebrates would
occur because the exposure period would only be a few minutes, compared to 24 hours
in the bioassay. Some invertebrate mortality may occur.

Onlike 2,4-D DMA, diquat is not selectively toxic for certain types of plants.
The potential for impacts on bulrushes and other riparian nonbroadleaf nontarget
plants is greater for diquat than for 2,4-D DMA.

Chronic effects on aquatic life do not appear to be a problem because diquat
is rapidly inactivated after application.

Diquat's persistence is an undesirable characteristic; unforeseen impacts to
bottom organisms could occur if diquat use were heavy and buildup of digquat
in sediments were to occur.

Irrigation

The diquat label has the same water quality limit for irrigation as for drinking
water (10 ppb). That limit appears to protect irrigation uses {(Table 6). The
field test data (Table 5) indicate there is little danger that water leaving the
treatment site will exceed the label limit.

Unlike 2,4-D DMA, a permit from the county agricultural commissioner is not

required for agquatic use of diguat. Since use is limited to government
agencies, however, some degree of protection of nontarget plants is provided.

-13-
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TABLE 5. RESIDUES OF DIQUAT, IN PPB, FOUND AT CONEY ISLAND TEST
SPRAY SITE, JUNE 1982. APPLICATION RATE WAS 1.5 POUNDS
PER ACRE ON A 0.5 ACRE PLOT. DETECTION LIMIT WAS 4 PPB.
{ADAPTFD FROM ANDERSON 1982b)
FLOAT SAMPLESL/ WITHIN SPRAY PLOT -
Sample: A B c D E F Average
Concentration: 0 359 482 500 70 105 250
WATER COLUMN SAMPLES
Time After Inside Outside
Application Spray Spray
(minutes) Plot . plot 2/
15 25 0
0 0
0 0
15-150 0x3 samples 0x12 samples
1/

= Floating open-top containers containing 0ml Delta

water,
10-100

collected immediately after spraying.
feet cutside spray plot.
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ATTACHMENT 2

DIQUAT ANALYSIS
Prepared by
Central Valley Regional Beoard

REGULATORY PICTURE

4/01/68 - Diquat in irrigation waters resulting from application of herbicide
to canals and reservoirs- for control of submersed and floating
weeds. “Do not use [water] for 10 days.” - Water Quality Criteria,
U.S. Department of the Interior, Federal Water Pollution Controi
Administration, p. 1%8.

-
-

11/15/72 - “An interim tolerance of 0.0l part per million is established for
residues of the herbicide diquat in potable water (calculated as
the cation) resulting from the use of its dibromide salt to control
aquatic weeds in canals, lakes, ponds, and other potential sources

- of potable water." - amendment to FFDCA - CFR Title 21, Chapter 1,
Subchapter B, Part 121, Subpart D (food additives permitted in food
for human consumption) - FR 37, No. ,221, p. 24174. This tolerance
is presently in effect and applies to all users, both private and
public. EPA contends that this criteria will be met if the label
directions for the herbicide’s use are strictly adhered to.

3/05/81 - Proposed amendment to CFR Title 40, Part 193, Subpart A - Would
establish the interim tolerance of 0.0l ppm as permanent and would
-1imit diquat use. Private use would be restricted to "ponds,
lakes, and drainage ditches where there is little or no outflow of
water and which are totally under the control of the user”™ of the
herbicide. Use in other “slow moving or quiescent " water bodies
would be limited to “programs of the Corps of Engineers or other
“Federal or State or public agencies". 1In all cases, "the treated
water will not be used for animal consumption, swimming, spraying,
domestic purposes, or for irrication for 14 days post treatment or
until approved analysis shows that the water does not contain more
than 0.01 ppm of digquat “. In addition, "no treatment will be made
where commercial processing of fish is practiced.” - FR 46, No. 43
pp. 15281-15284. -

S —N == -
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Diquat
Regulatory:

* EPA Interim Tolerance in potable waters. 1/ : 0.01 ppm

Physical Properties:
* Nonvolatile. 3,%.6/

* Completely soluble in water. 2/

* Labile to hydrolysis in the presence of alkaline materials including alka-
Tine waters. 3/

* Stable to chemical decomposition except at a pH greater than 9. 5/

Precautions in use:

Do not use treated water for animal consumption, swimming, spraying or
irrigation within 10 days after treatment. &/

Do not use treated water for drinking purposes until 14 days after treat-
ment. 2

After application of diquat to water for weed control, residues usually
decline to 0.01 ppm or below within 4 to 14 days. 6/

Regrowth may occur in perennial plants. L74

Strip-treating of weed infested waters recommenced to reduce the possibility
of gxhausting oxygen supply available to fish. 10/

Toxicology:
* Entry - ingestion; mist inhalation; minimal skin ebsorption. 3/
Concentrate is a skin and eye irritant. 3/

Acute toxicity - ,
oral LDsg (rat) 230 mg ion/kg {moderately toxic)
dermal LDgg (rabbit) > 400 mg ion/kg (moderately toxic) 3/

Chronic toxicity - induces cataracts in rats and dogs; possible liver and
kidney damage. =

Unlike paraguat, diquat does not produce pulmonary (lung} toxicity and is
not concentrated in lung tissues. 8/

Diquat may be a weak mutagen. 13/




* Toxicity to the male reproductive system has been inferred (no specifics
given}. 2

° symptoms of injury may be delayed. 4/

tEnvironmental fate:.

- * Cation is active ingredient. 3/

.

* Very rapidly absorbed by foliage; very resistant to removal by rain. 3/

* Metabolic breakdown does not occur -in plants. 3/

* photodegradation on plant surfaces (> 75% loss in 4 days in June). &/

* Major removal pathway from water - sorption by weeds (concentration); dead
weeds sink and cargy diquat to sediments where herbicide is transferred to

clay particles- 5,6,10, .

* High susceptibility to ultraviolet degradation. 3/

° Photodegradation mechanism 8/ 0
0 J
{_\ /_> SN <:j?_§ by {;; 3
NN A - NH,

TOPPS Picolinamide

he
0

N/

— \
N OH
Picolini¢ Acid

Diquat Monopyridone . ~a
volatile fragments

Photodegradation in solution (70% in 3 weeks). 5/

° TOPPS “has a very low oral toxicity to mammals®. 7/

picolinamide is bacterially degraded. §/

Diquat breaks down readily in solution, but degradation is inhibited when
bound to ¢lay. &/

(27 cays vg. 7 cays to.

grene garcictanrodn clear than §
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¥ Long persistence in sediments (years) where it_is largely unavailable for
microbial decay or to other living organisms. 2.5,6

® Clay adsorption independent of pH and temperature. 3/
* Desorption of diquat from bottom mud "would not be expecteed to occur". 5§/

® Because of strong binding, diquat would not be mobile in soil. &/

* Faster microbial degradation of plant bound than free diquat-.§/ .

Impacts on aquatic organisms:
* Diquat is not bicaccumulated or metabolized by fish. 6/

® Threshold toxicity level on blugilils, largemouth bass, fathead minnows
channel catfish, and rainbow trout is generally in excess of 10 mg/1. Ef

* Median tolerance limit (TLsg) in mg/1 5/

Species 24 hr 48 hr 96 hr
Striped bass © - - 80
Chinook salmon 29.5 28.5 -
Salmon - 28.5 c -
Rainbow trout 90 11/ 20-70 60 11/

- Amphipod {Hyalella azeteca) 0.58 0.12 0.048
Brown trout fingerlings - - 20.4 16/

® "There is a wide safety margin between the concentration of diquat ....
which is toxic to fish in 96-hr. immersion tests and that which is needed
for aquatic weed control.” 6,10/

® Fingerting brown trout - 5% mortality after 96 hour exposure to 5.5 mg/1.16/
® Physiological stress shown in 2-year old yellow perch at 1 and 5§ ppm. 13/

® Increased incidence of downstream_drift of rainbow trout (reduced swimming
speed) observed at 0.5 ta 5 ppm. 15

® Diquat could impair downstream migration of yearling coho salmon {smolts)
and possibly reduce their survival in seawater. 14

® Increased mortality of Rana pipiens tadpole embryos on exposure to 100 ppm. 17/

* Developmental toxicit{ to Daphnia, an important food supply for fish, at 1 ppm
(transitory effect). 10/
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