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DETAILED ENVIRONMENTAL ANALYSIS
OF PROJECT PACER HO

1. INTRODUCTLON

This report is Part II of a three-part report on the envirocnmental
consequences ¢f a project conducted on Johnston Island, labeled Project
Pacer HO, designed to remove and incinerate the stocks of Herbicide Orange {(HO)

gtored on Johnaton Island since 1972. The three parts to the report are

as follows:

Part T Executive Summary
Part 11  Detailed Environmental Analysis
Part IIT Supporting Raw Daka

1.1 Background

In April, 1970, the Secretaries of Agriculture, HEW, and Interior
jointly anuounced the suspension of certain uses of 2,4,5~T*. As a result
of this amnouncement, the Department of Defense suspended the use of QOrange
Herbicide since this herbiclde consists of approximately 50 percent 2,4,5-7
and 50 percent 2,4-D? This suspenslion left the Alr Force with 1.5 million
gallons of Orange Rerbicide in Vietnam and 0.8 wmillion gallons in Gulfport,
Miggissippi. In September, 1971, the Department of Defense directed that
the Orange Herbicide in Vietnam be returned to the United States and that
the entire 2.3 million gallons be disposed in an ecologically safe and
eff{cient manner. The 1.5 million gallons were moved from Vietnam to
Johnston Island for storage in April, 1972.

The cost of maintaining the storage areas, and the ever present
danger from the stored HO stocks, led the Ait Force to conduct a study to
develop mechanisms for the ecologlcally safe, efficient, and, if possible,
low coat diaposal of the approximately 2.3 million gallons of HO., After
gaeveral proposals and draft Environmental Impact Statements, the nlrimately

atcepted course of action was disposal by incineration aboard a specially

* 2,4,5~T is 2,4-T-trichlorophenoxyacetic acid, while 2,4-D is 2,4~dichloro-
phenocxyacetlc acid. Both are commercial brand leaf herbicides.
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desipgned incinerator wessel in an isolated location of the Pacific Ocean.

The proposed incineration site met the eriteria proposed in the Air Force
16 -

document,( ) “Final Environmental Impact Statement on the disposition

of Orange Herbicide by incineration”.

1.2 Need for Field Operations

As a part of their final BIS, the Air Force stated, "a monitoring
program will be conducted to document herbicide exposures and environmental
exposures should they occur. It is anticipated that this program will
generate sufficient data to demonstrate the personnel and environmental
safety of this operation". Air Force policy was that an independent con-
tractor would petrform the monitoring program. Thus, Battelle was ultimately
selected by the Air Force to conduct the monitoring program for activities
on Johnston Island., The ship board monitoring was conducted by TRV under

contract with the U.S.A.F.

1.3 Application of NEPA

The Alr Force complied fully with the tenets of the National
Environmental Policy Act through their submission of a well congidered

and complete EIS. It was decided that the wonitoring program results would

be presented in a format commonly used to prepare BIS's.
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2. EXISTING ENVIRONMENTAL FEATURES OF JORNSTON ISLAND

The physical and biological features of Johnstonm Atoll and
surrounding waters have been well studied and documented. The ecological
baseline descriptions presented in this report are based primarily on
accounts published by government agencies or by scientists under government

contract. The two major sources of information are "Ecological Baseline

Survey of Johnston Atoll, Central Pacific Ocean" by

and the "Natural History of Johmston Atoll, Central PacifiérOceaﬁﬁ"Byh
R —— —— - 2)

Both of these documents

S - { NERRESSR \ \,
were prepared by the Smithsonian Institution, Washington, D.C. Tabular

material and figures included in thie section have been taken from the

report prepared by ”}. An aerial phote of Johnston
Island is presented in Plate 1.

2.1 Physical

2.1.1 Land

2.1.1.1 Location

Johnston Atoll is located between the latitudes of 16° 40' 26"
and 16° 47' 25" North and longitudes of 169° 247 15" and 169° 33' 58" West.
It is one of the most isolated atells in the Pacific. The nearest Iand
mass to Johnston Atoll is the French Frigate Shoal in the northwestern
Hawaiian Islands, approximately 450 nautical wmileg {(nm) to the north-northeast.
Honolulu, Hawali is 717 nm to the northeast, Kingman Reef of the Line
Islands 1s about 850 mm Lo the soulheast, Howland Island 48 1,050 nm to
the south—southwesi, and the Marshall Islands lie almost 1,200 nm southwest

of Johnston Atoll,

(0%




2.1.1.2 Topography

Johnston Atoll consists of four islands within a shallow lagoon
partially enclosed by a semicircular reef to the north and west. Two of
the islands are entirely man-~made from dredged coral. These are Akau
{North) Island at 16° 45' 52" N x 169° 31' 03" W and Hikina (East) Island
at 16° 45' 26" W x 169° 29' 19" W, having land areas of 24 and 17 acres,
respectively. The remaining two islands are highly modified natural
iglands, having been increased significantly from their original sizes.
These are Johnston Island at 16° 45' N x 169° 32' W and Sand Island at
16° 45' N x 169° 30' W.

The smaller Sand Tsland {about 1,900 yards northeast of Johnston
Island) was originally 10 acres in size with a maximum elevation of 15 feet
above gea level. It has since been wmodified to include an area of £il1
of geveral acres about 500 yards west of rhe original island, and a cause-
way was constructed to join the two. The entite land mass (fill area,
causeway, and original island) has been designated “Sand Island".

The only structures present on the original portion of Sand
Island are the Loran~C transmitter building and the 625-foot transmitter
tower. A few concrete foundations from buildings removed in the late
1950's and some gun emplacements still remain. Generally, the surface
composition of the original island is a loose coral sand.

The largest lsland of the atoll, Johnston lsland, was originally
46 acres with a maximum elevarion of 48 feet. Manipulations made in
1939-1942, 1951-1952, and 1963-1964 enlarged the island to 570 acres using
dredged coral from the lagoon, and leveled it to an average elevation of
about 7 feet. The Island is presently rectangular in shape with a 9,000 foet
runway running in the southwest-northeagt direction, almost along the lgland's
main axis.

The surface of ioﬁnston, Akau, and Hikina Yslands, sand the man-
made portion of Sand Tsland are characterized by huildings, roads, and

bunkers, Due to the packed, crushed coral surface composition of these
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islands, vegetation is sparce. Only a few small lawns, scattered bushes
and trees, and thinly scattered weed species exist. Pigure 1 presents a

schematic of the Islands and Reef of Johnston Atoll.

2.1.1.3 Geology

Johnston Atoll and its islands are situated atop a seamount
of the mid-ocean Hawalian Ridge., The surface lithology has been eradicated
for the most part by construction activities on the island. The visible
surface of Johnston Island Is largely composed of dredged coral from
the adjacent lagoon area. There is evidence of sea tertaces that exist
near the current mess facilities on the island more or less parallel with
the main runway. Such terraces, step and grade towards the south tend
to indicate that the hasement seamount rim has undergome an uplift orogeny.
Beachrock remnants are found on the original island's northwest and south
central portions. The composition of this beachrock is primarily coral,
fine sands and gravels that have been cemented together by calcium carbonates.
Pumice rock was found erratically along a small section of the southeast

shore of Johnston Island.

(3

It has been cited in the literature that the outer reefs

to the south of Johnston Island are submerged as a result of the tilting
of the seamount basement structure towards a strike to the southeast. Due
to the volcanic origin of the seamount that supports Johmnston Atoll and

to the evidence of unequal thrusting and settling Johnston Atoll is not
considered to be a geologically stable land form.

The literature is deficient in describing the form and substance
of the supporting seamount. There are apparently no exploratory deep
wells on Johnston Island, There is evidence that the outer reef which
breaks the surface of the sea only on the northern shore is undergoing

differential settling or thrusting.
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R .- veyed Johnston Island gravity

utilizing the Bouguer Ancmaly effects. These studies suggest that
the mass densities beneath Johnston Island are intermediate in value
as compared with the Hawaiian Telands and Line Islands. These studies
found no evidence of dense magmatic structure existing in the upper
structure of Johnston Atoll.

The physilcal geology underneath the Orange Herbicide drum
storage area contains alternating lavers of coral and beach sands
which have been artificially depesited and compacted. The permeability
rates would be expected to be high in this wunconsolidated dredge fill.

2.1.1.4 Soils

The soils occurring on Johmston, Akau, and Bikina Islands and
the man-made portion of Sand Island consist of compacted coral fragments
ranging in size from sand to cobble sized coral rock. These fragments were
derived from dredging operations in the deepening and lengthening of ship
channels and seaplane landing areas. The entire iélands of Akau and Hikina
and the man-made portions of Johnston and Sand Islands were constructed
from this material.

The soil occurring on the original portion of Sand Island is
deep, loose, coral gand. This surface is quite similar to that of Johnston

and Sand Islands prior to their disturbance by military construction.
2,1.2 Afr

2.1.2.1 Meteorology During the Interval

Meteorology data were recorded at the NOAA weather statlon located
on the eastern end of the island. An additional anemometer with strip
chart recorder was maintained near the drum storage area (for the period
July 20 to August 27, 1977) which recorded additional wind data for the

western end of the island.
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The meteorological records,joq wind speed, direction, temperature,

dewpoint, and rainfall are presentedﬁiniFigure 2. Superimposed on these
data, collected by the NOAA station are the wind speed and direction at the
west end apemometer for several sample weeks. These data are discussed
further below. In these discussions, the recorded values are compared to

(1)

norms which were assembled from 30+ vears of data and presented in Amerson.

a. Wind Speed and Direction

Surface trade winds were essentially constant throughout the
period. Winds were from the east-northeast to the east-southeast at from
10 to 20 m.p.h. on most days. The exceptions occurred on August 8 and 9, 1977,
and again over the interval August 14 to 16, 1977, when winds were at 0 to
10 m.p.h. from the northeast. Only one directiconal shift of significance
occurred during the peried. On August 10, winds were out of the south
at about 10 m.p.h. Minimum variation from seasonal norms was experienced
over the duration.

A comparison of the data taken at the two wind recording stations
indicated only a negligible difference. Wind directions were very slightly
more northernly at the drum storage station. Also, wind speeds were a few
m.p.h. less at this statlon, attributable to the drag effect of the entire
length of the island.

b, Temperature

As & result of air masses passing over the atell having been
conditioncd by close countact with the ocean for thousands of miles, there
is little daily variation in air temperature. Similarly, only very small
seasonal differences exist (about 3° F), with August being the warmest month
of the year.

Throughout the period observed, daily highs ranged from 83° F to
85° F. Lows were usually between 77° F and 80° F, with a daily mean of

81° F, which is normal for this time of year,

' Ny
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A very slight warming trend (1-2° F) was observed fram the
beginning of operations in late July through the end in late August. This
was to be expected because the monthly wean for July is about a degree

Fahrenheit less than that for August.

c. Precipitation

Rain is extremely variable on the island in both frequency and
intensity. The accumulated measurable rainfall was 1.3 inches during the
J9~day period. ¥n addition to measurable quantities, trace amounts were
observed over hourly intervals on 58 occasions. The heaviest rains (more
than 0.10 inches/hr) cccurred on July 29, August 4, August 5, and August 16.
Rain was most frequent over the iIntervals August 3 through 5 and August 23
through 26. In comparison to the norm fqr the season, the period was a
rather dry one, with rainfall at about ngpercent of the total expected.
However, the rainfall was well within thé}@ﬂserved extremes of 0.4 to 10 inches

.

for the total period.
d. Dew Point !

Dew point temperatures rvanged fxom 70° F to 77° F throughout the
period. Highest readings (75° F) were recorded during periods of rain.

On no occasion, however, was the dew point ever reached.

2.1.2.2 Air Quality

Belng remote from other terrestrial envirvonments, the ailr at
Johnaton Atoll is ciean, with none of the pollutants normally assoclated
with urban areas. The only air contaminants expected at Johnston Island
are those introduced at Johnston Tsland itself. Routine insecticide

spraying was suspended during the HO operations on Johnston Island.
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The following sections discuss the applicable air standards,
existing sources of HO atmospheric, and observed atmospheric HO con-

centrations prior to the dedrumming operations.

a. OQSHA Standards

Christiansen(s) discusses the toxicity of 2,4~D and 2,4,5-T
and its n-butyl esterg. No iInhalation toxicities are reported for any
species.

The Qccupational Safety and Health Administration has estab-
lished 8-hour time weighted average concentration occupational standards
for the acids of 2,4,-D and 2,4,5~-T. For hoth chemicals the atandard is
10 milligrams per cubic meter (10,000 ug/mB).

The constituents of Orange Herbicide, however, are the n-butyl
esters of the acids. There are no 0SHA (or any) standards for exposure
te the esters. However, the reported animal toxicities in Christiansen(s)
for the butyl esters are even lower than for the aecids. Tt is reasonable

to assume that 10 mg/m3 is a realistic human TWA exposure limlt for humans,

b. Existing Pollution Source

The herbicide was stored in a drum storage yard at the northwest
corner of the island as 1llustrated in Figure 3. At this location, the
prevailing winds rapidly removed any atmospheric HO away from Johnston
Island and the atoll and dispersed 1t in the open Pacific. There were
no other loecations containing HO.

Prior to the disposal operation, the salty environment caused
drums to corrode and thus leak. A team of men patrolled the drumyard
looking for fresh HO sorbed on the ground, an indication of a leaking
drum. While an exact measurement was not made, an estimate of from 20
to 70 would be [ound leaking each week,

The leakers were taken to the dedrumming facility where they
ware allowed to draln into a covered collection sump over a period of
days. On a weekly basis, the collected drainage would be vedrummed in

new drums and restacked, while the old drums would be crushed and stacked.
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There is no measurement of the volume actually leaked. The
incineration records show that the average drum contained 53.9 gallons,

bat it cannot be said that all drums were initially full.

¢c. Observed Ambient Air Pollution

While concentration measurements downwind of the site were not
made prior to the HQ operation, the values for 2,4~D and 2,4,3-T in the pre-
operational period averaged 0.49 and 0.08 ug/m3, respectively, at the
downwind station. Furthermore, the odor of the trichlorophenols in the
HO was intense across the entire downwind boundary of the drumyard.

The consistent, strong winds at Johneton Island are helpful in
the removal and dispersion of BO from the atoll. It is expected that the
atmospheric stability is typilcally Class B* during the day and Class 0 at night,
With these stabilities, dispersion processes should reduce concentrations
by a factor of 10 within 1.6 kilometers downwind {(day) and 4.4 kilometers
{night).

2.1.3 Water Environment

The existing water environment of Johnston Island consists of
geveral components of the hydrologic cycle. Because of the small size of
the island, cycling of material hetween the hydraullc components is expected
to be rapid. The hydrologic components described below include the saltwater
and freshwater portions of the cycle. The saltwater cycle is comprised of
the lagoon circulation and the groundwater underlying the island while the

freshwater cycle includes the rainfall and the drinking water and sanitary system.

* Turner's stability classes.
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2.1.3.1 Hydrology of Johmston Island

Precipitation in excess of (.01 inches occurs on the average of
162 days per yeat. The mean annual rainfall is 26.11 inches, however,
variation from year-to~yvear 1ls considerable. Monthly rainfall variations
are small. During the period 1931-1972, July rainfall averaged about 1.6
inches while August rainfall was about 2.2 inches., In the Central Pacific
tropical climate, evaporation 18 much greater than precipitation. This,
together with the flat topography and permeability of the soils minimizes
sheet runoff. Storm drainage is collected in a system of French drains,
inlets, and open ditches which flow into the lagoon. Since most rains
ate very light, flow in these ditches is ‘intermittent with evaporation
being the predominant removal process. Tranpiration f£rom plant surfaces is
a very minor part of the hydrologic cycle of the island because of sparce
vegetation due to the large areas of paved or otherwise impervibus gurfaces
and base coral.

There are no permanent freshwater bodies or Johnnston Island.
The lack of surface water is due to the coarse texture and extrenme

N

permeability characteristic of the surface coral sands (Thorp Other

factorg contributing to the lack of gignificant amounts of fregh ground-
water are the small land area, narrowness of the island and the high
permeability which allows rapld wixlog between the Lagoon waler and the
percolating rainwater.

Johnston Island's watet system uses both fresh and salt water.
Raw sea water is pumped from the lagoon through a traveling screen to the
S8alt Water Pump House. From there it is pumped to the Distillation Plant
and also into the salr water distribution system where it is used for
gsanitary purposes, fire protection, air conditioning condenser units, and
power plant waste heat dissipation. The Distillation Plant houses
twelve distillation units and related equipment; the Freshwater Treatment
Plant consists of a pump station, soda-ash treatment avea, and a chlorination
room and stovage facilities for approximately 740,000 gallons (Figure 3 }.

The freshwater system is designed to support a population of approximately
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4,500. 1Its total rated capacity is 318,000 gallons per day (gpd), hut,
allowing for maintenance and miscellaneous downtime, about 240,000 gpd
can be expected at peak proeduction.

Johnston Island has insufficient relief to permit use of a
gravity sewage collection system; therefore, a forced system employing
pumps and lift stations is used. The force main is 3 series of 3" to 16"
cast iron and asbestos cement pipes in parallel runs along the north and
gouth shores with connecting laterals. Raw effluent is discharged on the
ocean bottom at a depth of 25.6 feet through a 10 inch pressure outfall
pipeline which extends approximately 550 feet out from the socuthwest

peninsula of the Island.

2.1.3.2 Oceanography-Currents and Tides

Johnston lsland is approximately in the center of the North
Equatorial Current which extends to the north and to the south of the
island for several hundred miles. The velocity of this current is relatively
constant from east to west at about 1/2 koot (0.41-0.63 mph; 0.61-0.82 ft/sec;
0.17-0.25 meters/sec).

The underwater platform oun which Johnston Island is located is
similar to those associated with many Pacific atolls. Like most other low
islands in the Pacifie, the main outer reef has a typical cross section,
which includes surge channels, an algal ridge, and a reef flat, with coral
heade rising abruptly in the deeper waters to the south and east of the
maln reefs. The outer slope is quite steep, between 16 and 100 fathoms,
usually less than one~half mile in linear distance, with an average slope
of 19°. The platform on which Johnston Atoll ¥ests stops fairly abruptly
at about the 16 fathom line at most points around the circumtference of the
atoll as the bottom begins to slope steeply down.(7’8’9)

The shallow lagoon area and its bordering reels together form
roughly the northwestern quarter of the Lrianpgular-shaped platform on
which the ateoll rests. At the deeper eastern end of the platform the

submerged contours suggest the outline of earlier peripheral reefs. The
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main difference between Johnston Atoll and other Pacific islands is the
lack of continuous reef around the atoll. The main outer reef extends
around less than one~fourth of the circumference of the platform. In
addition, there is an extensive zone of shallows to the south of the main
reef which is also an unusuval feature,

The tildal range at Johnston Island, in common with other mid-
Pacific dslands, 1ls relatively small and the effects of the tlides upon the
atcll are correspondingly minor. The absolute tidal range during the year
(the difference between the lowest and highest tides of the year) is only
3.4 feet. The lowest low is minus 0.5 foot 1n June, while the highest high
is plus 2.9 feet in June and July. The mean spring high tides are plus
2.2 feet while the wean spriung low tildes are minus 0.2 foot. The mean
neap tides are plus 1.6 feet, while the mean neap low tides are plus 0.4
foot.(s’y’g) The time of the tidal crests and troughs is enly slightly
later than those of Honolulu, the nearest point for which a full tide
table is available. High tides are 29 minutes later at Johnston Island
than at Honolulu, while the low tides are 23 minutes iater. The high-water
interval from full tide to the change of tide is three hours and 15 minutes.
Tide tables for July and August, 1977, are shown in Table 111—1&*. The
maximum high tide during the assessment occurred from July 27 to 29 and
measured plus 2.9 feet while the lowest tide wag minug 0.1 feet on July 24,
28 and 31.

The ocean currents around Johnston Atoll exert a major Influence
on the localized circulation within the lagoon because of the "open"
structure of the marginal reefs. 1In addition, the tides have a range
within the lagoon only slightly less than in the deep water because of
this feature.

Tidal currents within the lagoon show some variation with the
season. During July and August, the normally strong westerly I[low weakens
pomewhat. This allows a divergent flow field to be generated to the south-

west of the atoll platform. This type of flow was characterized by

*
This notation refers to Table 14 of Level III Report. The netation will
be frequently used throughout this report.
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a moderate offshore current with a general set toward the west. [Local
tides induce clockwise rotary to semi-rotary motions in the regilonal and
local circulation patterns. During rising tides, the predominant flow is
to the north in the east and west ghip channels and to the northwest in
the north channel (Figure 4). The normal current speeds are about 1/2
knot, During falling tide, however, the predominant flow was to the south
in the east and west channels and to the southeast at about one knot in

the north channel (Figure 5)’(3,8,9)

Thege curreant movements are affected by the pumercus patch reefs
found in many places. Thé natural depths within the lagoon {(except for
the dredged portions) vary from a few inches to aboutr 40 feet, because
of the presence of coral heads and patch reefs. The greatest area lies
between 15 and 25 feet underwater at mean sea level,

The lagoon inside the main atell is about 14,000 yards long at
its axls, which runs southwest from S$mall Island through the center of
both Sand and Johnston Islands. At its widest point, just east of Sand
Island, the lagoon extends about 3,500 yards from northwest to southeast.
West of Johnston lsland the lagoon narrows to a few hundred yards in width
before coming almost to & point at the extreme southwestern corner of the
atoll.

The total area of the lagoon within the reef is approximately
13 square statute miles. An exact measurement is difficult because of
the need to measure the exact line of demarcation between the lagoon proper
and the extensive coral flats which form the southeastern part of the atoll.(6’7>
At the extreme northeastern corner of the lagoon, south of the opening
between the main reef and North Island, there 1s an area of deeper water
in which average depths of morz than 40 feet have been reported, but the
botton sCill has wany lrregularities and aumeraus coral heads whilch almost
broach the surface. Artificial dredging in the lapoon has left the seaplane
landing avea with a depth of eight feet cleared of obstructlons, while
the harbor and the entrance channel were originally dredged to 22 faat

and have been swept to 14~1/2 feet. An approximate value for the volume of

water enclogsed by the reef is 1.5 x 101:L ft3 (4.3 x 109 mg). As observed
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(3)

by Emery, these coral heads influence the movement of sediments by
blocking the current causing sand to be deposited on the upcurrent side
and scouring the areas hetween the reefs. His examination showed these
areas to be about half a fathom (0.9 meters) deeper than the surrounding
floor and containing coarser sediment than the adjusted areas.
Mirco~scale currents at the wharf observed by the divers when
taking sediment samples were a light west-to—east deep current and an
east-rto-west surface currvent at 20-25 feet (6.1-7.6 meters) seaward from
the ceater of the wharf. Off the west end of the wharf, the deep current
direction was south to north (Figure 6}, These observations were made at
1100 hours on July 25.{10) Water depths immediately off the wharf were
35 feet (10.5 meteyxs). A trough of 45-50 foot (13.7~15.2 meters) depth

was noted about 25 feet (7.6 merers) from the base of the wharf.(lo)

2.1.3.3 Water Quality Criteria/Scandards

Limits on aqueous concentrations of 2,4-D and 2,4,5-T are classi-

fied as either criteria or standards.

The word "ecriterion" should not be used interchangeably with, or
as a aynonym for, the word “standard". The word “criterion'" represents a
constituent concentration or level associated with a degree of envircnmental
effect upon which scientific judgment may be based., &s it is currently
associated with the water environment it has come to mean a designated
concentratlon of a constituent that when not exceeded, will protect an
organism, an otrganism communily, or a prescribed water use or guality with
an adequate degree of safety. On the other hand, a standard comnotes a
legal entity for a particular reach of waterway or for an effluent., A
water quality standard may use a water quality criterion as a hasis for
regulation or enforcement, but the standard may differ from 4 criterion
because of prevailing local natural conditions, such as naturally occurring
vbtganic acldes, of because of the fwportance of a particular waterway,
economic considerations, or the degree of safety to a particular ecosystem

that may be desired.
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Water quality criteria are not intended to offer the same degree
of safety for survival and propagation at all times to all organisms within
a given ecosyatem. They are intended not only to protect essential and
significant life in water, as well as the direct users of water, but also
to protect life that is dependent on life in water for its existence, or
that may consume intentionally or unintentionally any edible portion of

such life.(l3)

The ecriteria levels for domestic water supply Incorporate
available data for human health protection. Such values are different from
the criteria levels necessary for protection of aquatic 1life. The interim
primary drinking water regulations(lﬁ), as required by the Safe Drinking
Water Act(ls), incorporate applicable domestic water supply criterila.

Where pollutants are identified in both the quality criteria for domestic

water supply and the Drinking Water Standards, the concentration levels are
identical. Water treatment counsisting of flocculation, settling, and softening
may not significantly effect the removal of certain pollutants, {(such as the
components of Orange Herbicide).

The idesl data base for aquatic life criteria application regarding
Orange Herbicide would be information on a large number of tropical marine
species common to the Johnaton Atoll area over their entire life span and
that of succeeding generations. Unfortunately, these data do not exist,

Most of the available toxiciiy data on both acute and subacute effects

are for freshwater organisms. These were obhtained at temperatures below
those typlecal of the Johnston Island envivonment or represent time frames

of less than the organism's entire life span. Furthermore, independent
environmental variables other than temperature have been found to be of
imporcance in determining the toxicity of 2,4-D, 2,4,5-T or mixtures thereof.

The Envirommental Health Laboratory at Kelly AFB, TX conducted
bloassay tests in which Orange Herbicide was mixed with water at a theoretical
concentration of 200 ppm. It wag found that most of the herbicide rapidly
sank to the bottom of the tank. None of the test organisms showed any
adverse effects after two weeks exposure; however, all of the fish died within
24 hours at a concentration of 20 ppm in a similar experiment but with
continuous agitation of the water.(16> Subzequent studies indicated that,

in orvder to establigh a dose/response relatlonship for the organism, some

SRS

circulation of the water was necessary.
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A second determinant of toxicity is the actual chemical form
of the herbicide in water. The derivatives of 2,4~D and 2,4,5-T used in Orange
Herbicide hydrelyze to the respective aclds at varying rates. For ocean water,
in studies conducted by the Air Torce, 90 percent of the esters were
hydrolyzed within 7 days. Toxicity of the acids is decidedly lower than
the corresponding esters probably because of polarity influences on uptake
mechanisms.(16) The many confounding effects make it difficult to apply
a rational criterion which would protect all the potentially exposable
organisms, Tests by the EHL Kelly A¥R, TX opn artificial sea water aystems
produced marked differences between the theoretical concentration due
to solubility effects. (Thus, static bioassay results found in the
literature which are based on theoretical added concentrations of Her-
bicide may indicate a low toxiclity (high side blas); the actual concen-
trations of HO in solution producing acute or subacute effects would be
much lower).

The effect of temperature on organism response has received
limited attention. Only one study was located which even stated the
temperature at which the tests were conducted. This showed a strong
temperature dependence, although only twe temperatures, 17 and 20 C,

16
were evaluated.( )

The philosophy of HEPA in assigning critevia has boen Lo employ
a safety factor to protect all 1life stages of thr (est orgenism in wateys
of wvarying quality, as well as to protect assocviabed nrpanisms within the
aquatic environment that have not been teriod and that may be more sensitive
to the test constituent. Application fzctors have been used to provide
the degree of protection required. Safe levels Ffor certailn chlorinated
hydrocarbons and certain heavy metals were estimated by applying an 0.01
application factor to the 96 hour LCSO value for sensitive aquatic organisms,
A listing of available acute and subacute bioassay data is con=
tained in Tables 1 and 2. In addition, McKee and Wolf presented the

following discussion concerning 2,4—D.(17)
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TABLE 1. ACUYE TOXICITY DATA FOR 2,4~D, 2,4,5~T AND DERIVATIVE

ACIDS, SALTS, ESTERS, AMINES, AND ETHERS(2)

Tent Compeawsd Test Orpanism

2y 4= {IHA)Y
22413 (LMA)
2,4=n (MA}
2,4~ (nMA)

224D 24,57
wetern ()

2,4-D (NBE)
24,57 (HRE)
2,40
2,4,5-1
2,4-D (NUR)
204,51 (FRE)
2,4-D (CHK)
2,4-0 (PCAK)
2,45 (VG
2,4~ (UCBEY
2,4= {PGRL)
24D (TOB)

2.4-D (PUBE)
2,0-1 (BOERY
P IR IR UE 03
2.4-D (ARS)
2,4~D {DHA)
2,40 {701
2,4-1 (1MA)
2,6-0 (AAY
24D (AS)
2,4-D (PCHR)
2,4-D (BOIE)
2,41 (AER)
2,4-0 (HBE)
2,6-0 {1R)
2,4-D {DORY)
2,4+T {PUIE)
2,43

2 hh

Fathead wlntow
Bluegitt

Clutel eatfich
Channel carfish
Fathead minnew

Fathead sinnow
¥atliead winnow
¥athead minnow
Fathead minaow
Shrimp

Shriwp

Daghnia magne
Seed ghr fap
Send

Sowliug

Glasa shy lmp
Bluepilld

Blocgill
Biaoplll

Ftsh

Hluepd il
Bluegill
Blucgill

Farhead winnow
Frthead winmow
Fathead /blecgily
Fathead /bluegill
Pachoad /bluepill
Blucgill

Bluepgill

Bluergill

Tah

Figh

Fink

Pereh

Terch

Rinak

butyl ether; {(iOF)
alkanolamine salt;
ester.

{(b)

b e e

e AR e A PR o e T g+ L A e i

bt Condirions  Dose (mpfg)  Response  Comments
355 96 hr Tiyg
177 96 T 150
17 ¢ 193 86 L Thsg
20 ¢ 125 96 hre Yigp
Freshuater 3.4 4B hr LCsp 14 ppm 'FCR
Froshwacer 2.8 48 he LOsp
Yrosivaloer 5.0 48 Iir Lisp
Proshvataer 210 48 hr LCsp
Freshwavey 133 48 b LOsp
Saltwater 5.6 48 hir 1lrg
Salivater 33 48 e Logp
Freshsratar D.1 &8 hr TLig
Frowfimarer 0.3 48 hr Tigg
Freshwatey 2.6 48 By Tukp
Yroshwater 2.2 48 hr Tlhgo
Fresbuster 2.7 48 hr TLgg
1031 48 hr Tig {btained frem 3
manulocturers
17 480y TLy
3.4 48 By Ty,
Saltwarer 0.3 48 hr T,
435-840 48 hr LCsg
166G-458 48 hr LCgq
8.8-59.7 48 hr LCgy
16 96 hr LCsp
5 @6 hiv LUng
2 & Mo, LCy0 011 soluble
2 4 Mo. TGy
2 72 hr Lise
1.4 A he Logg
1.3} &8 hr LCyy
L.l i e LCgp
Saltuaicy 5 & e Thy
Sulevater Al 4t hr fly,
100 Thy eshald cone,
for mortativy
75 Thrashold cone.
for movtality
5% Threshold conc.
far maveallvy
60 Threshnid cone,

for mortaliry

Sl mmm . er e 4 Amimeteym = g i s mamis t e s eeevrmrn s e POV st = e ey =

Reference

16
16
32
38
EE]

1o
16
16
16
16
16
33
13
313
33
i3
K

34
34
35
15
36
36
36
36
36
30
36
36
36
36
36
35
i7

17

7

17

= jgooctylester; (BOEE) = butoxyethylester; (AAS) =

(AA} =

29

See literature cited for references.
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acetamide; (AS) = amine salt; (IPE) = isopropyl




TABLE 2.

SUB-LETHAL EFFECTS OF
UPON AQUATIC ANIMALS(?

§,4~D DERIVATIVES

Test Compound Test Organism Dose Response
Butoxyethanol Qyster 3.75 ppm 50% Decrease in
estey {96 hrs) shell growth

Butoxyethanol Shrimp L ppm No effect
ester (48 hrs) L
-
Butoxyethanel Phytoplankton 1 ppm 16% Decrease in
apter COp fixation
Dimethylamine Oyster 2 ppm No effect on shell
(96 hrs) growth
Dimethylamine Shrimp 2 ppm 10% Mortality or
{48 hra) paralysis
Dimethylamine Fish (salt water) 15 ppm No effect
{48 hrs)
Dimethylamine Phytoplankton 1 ppm No effect on COy
(4 hrs) fixation
Ethyvlhexyvl ester Jyster 5 ppm 38% Decrease in
{96 hrs) shell growth
Ethylhexyl ester Shrimp Z ppm 10% Mortality or
(48 hrs) paralysis
Ethylhexyl ester Fish (salt water) 10 ppm No effect
{48 hrs)
Ethylhexyl ester Phytopiankton 1 ppm 49% Decrease in
(4 hrs) COy fixation
PGBE ester Oyster 1 ppm 387 Decrease in
{96 hrs) shell growth
PGBE ester Shrimp 1 pom No effect
48 hrs)

(a)

Souvce: Reference 16,
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"In laboratory rests, the lowest concentration of 2,4-D
to cause mortality of fish was 100 mg/%, the threshold
value of toxicity to perch and bleak (Alburnus Lucious)
was 75 wg/l. Howewver, certain esters and amines of 2,4-D
have been found to be more toxic and, particularly in
still, shallow water, may harm fish at dosages used for
weed control. Fingerling bluegills suffered losses of
up to 40 and 100 percent from concentratioms of 1 and

5 mg/i, respectively, of the butyl ester. The isopropyl
ester was somewhat less toxic but caused complete mor-—
tality of bluegills at 10 mg/%, as did the alkalolamine
at 40 mg/%. A few fish also died during a 4-day exposure
to 4 mg/t of the latter material. The sodium salt was
not observed to kill small rainbow trout below a con-
centration of 112 mz/%.

The Fish and Wildlife Service tested a large number of
phenoxyacetic acids and related compounds In rough screen-
ing studies in Lake Huron water at 12 C. Trout and blue~
gill were killed but ses lamprey were unaffected by 2,4~
dichlorophenoxvacetic acid, butvl ester during a Z4~hour
exposure to 5 mg/t.

Fish~food organisms vary in sensitivity to the derivatives
of 2,4-D. Tests with the isopropyl ester showed that
losses of over 25 percent were sustained by crustaceans at
0.1-0.4 mg/2, insects at 0.4~2.0 mg/%, and snails at 2.4~
3.3 mg/%2. These animals were more vesistant to poisoning
by the mixed propylene glycol and butyl esters of 2,4-D,
and certain speciles of insects and snails were not killed
at 6.6 mg/L.

It was found that the safe concentration to minnows was
1500 mg/% and for sunfish and catfish 500 mg/%. Some
mortality of bream and bass occurred at 100 mg/f and of
carp at 65 mg/L. A concentration of the sedium salt of
2,4-D of 260 mg/% was not toxiec to carp.

A mixture of neutral aromatic oils {57 percent), 2,4~D
(12.5 percent), emulsifiers (8 percent), and water (to
100 percent) was toxlc to three-month-old rainbow trout
at a concentration of 3.0 mg/% over a 24-hour period, and
at 2.2 mg/R over a 48~hour period.

A commercial weed killer that combines 6.25 percent 2,4-D
and 6.25 percent 2,4,5-T with propylene glycol, butyl ether
eaters, and inert Ingredients, in concentrations of 50 mg/t
or more caused the test fish to become immediately dis-
tressed. In a 72-hour period, a 25-percent kill occurred
at 10 mg/2, but no fish died at 5 mg/2.
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It is clear that few saltwater species have been assaved and perhaps
no tropical saltwater species have been tested. For short term (shorter than
24 hours) exposure, it can be assumed that less than one-half of an ester
form of 2,4~D or 2,4,5-T added to water will be hydrolyzed to the less toxic
acid form. Furthermore, the offsetting effect of higher temperatures should
more than compensate for the lower toxlcity of the hydrolyzed fraction. The
48 hour LCSO or TL values for saltwater fish species exposed to 2,4-D ranged
from 0.3 mg/L using the PGBE derivative to 5 mg/4 using the BOEE derivative.
The Afr Force's data using actual HO or normal butyl esters, is about the
same, although a freshwater test organisms, the fathead minnow, Pimephales
promelas, was used. Using the EPA methodology of determining a "safe” con-
centration as 1 percent of the % hr LC50, a value between 0.01 and 3.6 mg/k
2,4-D results for a water quality criterilom, ignoring the possible inappro-
priateness of the test organisms or test conditions,

] The toxielty of 2,4,5-T to aquatic specles has been studied to a
much lesser degree than the toxicity of 2,4-D. Comparative studies on 2,4-D
and 2,4,5-T toxiclity have been conducted by the Air Force\on a number of
species. TFreshwater tests on fathead minnows showed the same trend as for
2,4~D, namely, that ester formulations were much more toxic¢ than the acids.
Measured toxicities of 2,4,5-T were 20-50 percent lower thay for 2,4-D,
however, the TCDD content of the 2,4,5~T tested was unot s-ated. In tests
uging asctual Herbicide Orange, the toxicity was intermediate to the two
individual components.

Tests on other varieties of fish have been performed that show the
opposite trend. Perch exhibited slightly greater toxicity response to 2,4,5-T.
Again, the TCDD content was not¢ gilven.

Finally, saltwater shrimp comparison tests showed the mormal butyl
ester of 2,4,5~T to be significently less toxic than the NBE ester of 2,4-D.

The range of pcute toxicitiles of 2,4,5-T obaserved in the data is
5.0 to 333 mg/%. Using the EPA methodology of determining "safe' concentra-
tions as one percent of the 96 hr LCSO’ a value of between 0.05 and 3.3 mg/4

results for a water quality criterion.

FI3Y
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Both the National Institute for Occupational Safety and Health
{NIOSH) Registry and the Wateyr Quality Characteristlcs of Hazardous
Materials assign aquatic toxicity range ratings of 1-10 ppm for 2,4~D
and 2,4-T (5,43). Concentrations of 2.5 mg/% for each of the components
(5 mg/2 of HO) has been selected as the criterion concentration.

According to the literature, pure 2,4-D and 2,4,5~T are con-
gidered to present a moderake toxicity to humans.

An extensive study of the literature on the human health and
roxicity of the major and minor constituents of Herbicide Orange has been

(43) Judgements were made

conducted by the National Academy of Sciences.
on a wide variety of organic substances relative to their carcenogenicity

or the available information that would permit estimation of the "no
observed adverse effect level".

After a substance had heen identified as a carcinogen, the risk
to man was expressed as the probability that cancer would be produced by
continued daily ingestion over a 70 year lifetime of 1 Iiter of water
containing 1 ng/% of the substance. Assumptions requived in the calcu-
lation were the conversion of the standard human dose to the physiologically
similar dose in the animal and the application of an exponential risk model
relating dose to effect.

2 4~pichlorophenoxyacetic acid toxleity data for man and other
terrestrial species were reviewed to determine permissible intake levels.
Observations In man are primarily expost facto judgements of accidental ot
intentional (suicidal or medical) ingestion. Poilsoning and death have been
attributed to ingestion of dosages ranging from 67 to 100 mg/kg. Subjects
in two other studies tock or were exposed to lesser quantities or similar
quantities over longer time periods with no harmful effects.

Ohgervations in other species supported the moderate toxicity
deslgnation. LD50 values of 100-54]1 mg/kg were found for rats, mice,
guinea pigs, chicks, and dogs. Salts and esters of 2,4~D showed an even

lower degree of acute toxicity than the acld.
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Subchronic and chronic effects have been measured using rats and
dogs. Experiments with rats showed no adverse effect levels ranging from
30 to 1,250 mg/kg and those with dogs ranged from 20 to 500 mg/kg.

The results of these studies were analyzed to determine the daily
no adverse effect doses. These were found to be up to 62.5 mg/ke/day and
10 mg/kg/day in rats and dogs, respectively. Based on these data, the accept-
able daily intake for humans was calculated to be 0.0125 mg/kg/day. The NAS
report stated that the substantial disagreements in the results of the sub~
chronic and chronic towicity studies were cause for concern and caution and
that additional study is warrvanted. These deficlencies were considered in
the determination of the no adverse effect level from drinking water shown
in Table 4.

Toxicity data on 2,4,5-trichlorophenoxy acetic acid and 2,3,7,8-
tetrachloro-p-dibenzodioxin wevre considered together since most of the 2,4,5-T
preparations tested contained TCDD at 1-80 ppm. A few studies have been
conducted with TCDD "free” material (< 0.05 ppm).

Observations of toxicity in wan depend on the TCDD content of the
test material. Two studies 1in which 2,4,5-T containing low concentrations
of TCDD was used failed to produce toxic effects in the concentration range
of 1.6-8.1 mg/day. Another study where contaminated 2,4,5~T was used pro-
duced cases of moderate to severe chloracne and several cases of poxphyria.

Toxlcity testing results on other species likewise depend on the
TCDD content, Early data on 2,4,5-T show oral LDSO values for male rats,
male mice, guinea pigs, and chicks were 500, 389, 381, and 310 mg/kg, re-
gpectively. TCDD contents were unknown. Testing of TCDD alone established
its extreme toxicity as shown by LDBO values ranging from 0.6 to 115 ug/kg,
dapending on speciles.

Subchronic and chronic effects of 2,4,5=T and TCDD have been ob-
sevved in relatively short-term studles on rats, mice, dogsa, and guinea pigs.
Effects mest often observed included lesions, bone marrow irregularities,
degenerative liver and thymus changes porphyria, scrum cnzyme changes and
weight loss. 2,4,5-T doses eliciting adverse effects ranged from 2 mg/kg/
day for dogs to 100 mg/kg/day for rats. TCDD doses ylelding responses were
as low as 0.1 ug/kg 5 days a week for 13 weeks.
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The conclusions reached by the NAS report were that contamination
of 2,4,5-T with TCDD greatly increases the toxicity of the mixture from
moderately toxiec to very toxic, No adverse effect doses for 2,4,5~T were
10 mg/kg/day for dogs and mice and up to 30 mg/kg/day for rats and for TCDD
were 0,01 ug/kg/day in rats, Acceptable daily intakes for humans were
calculated as 0.1 mg/kg/day for 2,4,5-T and 10“‘!i ug/kg/day for 2,4,5~T and
l()_4 ug/kg/day for TCDD. The lack of data on long term toxicity and the
substantial differences in toxicity values for 2,4,5~T due to varying de-
greea of TCDD contaminarion were cited as reasons for consetrvative estimation
of permissible drinking water concentrations, shown in Table 3. Maximum
contaminant levels as contalned in the Drinking Water Standards and in the

1976 Water Qualicy Criteria are shown for comparison.(13’15}

Ambient water standards are applied at the point of withdrawal
for supply which in this case is the saltwater intake (sfite WS}, while
drinking water standards are applicable at the delivery end of the system
{site P1). There are two additional factors which serve to alter the
normally encountered conditions in a drinking watey supply. Firsit, the
production of freshwater is intermittent. Higher than allowable levels
at the saltwater intake are not of concern Lf {regshwater Is unot being
produced on a given day. Second, freshwater on Johnston Isiand is pro-
duced by distillation. The boiling points of 2,4-D, and 2,4,5-T acids

(18) Therefore, the

are related derlvatives are all greater than 160 C.
fraction of distillable HO at the process temperature is certainly less
than 50 percent of the concentration on the saltwater side of the system.
(See also Section 4.1.3 for more detalled discussion of these points).
Sincé the water quality criteria represent Iifetime consumption
levels, the short term exposure levels could conceivably be much greater
thun the average and still produce no effects if the subsequent exposure
is correspondingly lower to offset the initial dose. The tour of duty
for most military persomnnel 1z one year; however, some of the civilians

have been on the island for upwards of 15 years. It is not expected that

oy
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TABLE 3. WATER QUALITY CRITERIA/STANDARDS-~
DRINKING WATER

Uncertainty or

Compound Concentration in Water (ug/l) Safety Factor (a) Referencelb)

2,4-D 100¢® (approval limit) 500 15
100¢? ) - 13
§7.5¢8) (Mo effect level) 1000 37
A.4(f} (o effect level) 1000 a7

2,4, 5-T 700$® (Mo effect level) 100 37
35¢5) (No effect level) 100 37

TCDD 7 % 1070() (N effect level) 100 37
3.5 % 10m5(f) {Na effect level) 100 37

(a) The uncertainty or safety factor is introduced to reflect the amount of

{b)
(e)
(a)
(e)

(£)

information avallable on a specific contaminant. An uncertainty factor
of 100 represents a good set of chronic oral toxicity data available for
some animal species while a factor of 1000 was used with limited chronic
toxicity data or when the only data available were from inhalation studles.

See literature clted for references.

Represents lifetime no adverse effects level assuming that 20 percent of
the safe intake is from water. Standard man equivalent to 70 kg and 2
liter/day water consumption used.

A maximum contaminant level (MCL) means the maximum permissible level
of a contaminant in water which is delivered to the tape of the user.

No adverse effect level assuming 20 percent of acceptable daily inlake
is supplied by water. Same standard conditioms as in (a).

No adverse effect leavel assuming 1 percent of acceptahle dally intake
is aupplied by water. Same standard conditions as in (a).

Y-
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the lifetime consumption would be approached by anyone on Johnston Island.
Therefore, the water qualiry criteria are probably conservative in esti-
mating risk.

The most stringent standard appears tc be the National Interim
Primary Drinking Water Standard at 0.1 mg 2,4-D/2.

Other water quality criteria pertain to the organcleptic
properties of 2,4-D and its breakdown products, as well as potential non-OH
related project effects such as oil and grease, turbidity, and reduced
dissolved oxygen concentratlons.

It has been reported that 2,4-D acid was decomposed in water
exposed to the sun into 2,4~dichlorophenol, 4-chlorocatechol, 2-hydroxy~4-
chlorophenoxyacetic acid, and 1,2,4-benzenetriol. Taste and odor thresholds
for chlorinated aromatic hydrocarbons are very low.

and eport the taste threshold for 2,4~D as 0.01 mg/%,
whereas the same concentration of dichlorophenol derivatives gives noticeable
tastes.c17) Several investigators have reported the taste or odor
threshold concentrations for various chlorinate& phenols. For 2,4~
dichlorophenol the reported taste values are 0.008 to 0.02 mg/f and the
odor values range from 0.00065 mg/L at 30°C to 0.0065 mg/s at 6G’C.<19‘20)
Spills from 2,4-D manufacturing operations have reportedly produced unpleasant
rastes in drinking vater at dilution ratios as high as 10,000,000:1. 47

Turbidity (suspended solids) influences on fish life are divided
into those whose effect occurg in the water column or those whose effect
occurs following sedimentation to the bottom of the water body. Filve
general effects on fish and fish food populations have been noted:

o direct affects on gwimming f£ish by killing them or impairing

physiological functions

® preventing the successful development of eggs and larvae

¢ modifying natural movements and migration

e reducing the availability of food

e blanketing of bottom sediments causing damage to invertebrates

and spawning areas and increasing benthic oxygen demand.
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Conversely, a partially offgetting benefit of suspended matter in water
is the sorption of organics such ag herbicides onto particles which leads

Y However, experiments conducted to ascertain

to more rapid se¢tling.
the sorption properties of 2,4~D ester and sodium salt showed very low

sorption capacity for three clay wminerals (bentonite, kaolinite, and illite)
and very good sorption for dry coral. Desorption properties of contaminated

coral In seawater were not investigated.izl)

The criterion proposed by the EPA relates primarily to freshwater
fish and other aquatic life and states that "settleable and suspended solids
should oot reduce the depth of the compensation point by more than 10
percent from the seasonal norm".(13) The compensation point is defined
as that depth where the rates of photosynthesis and respiration are equivalent
or approximately the depth at which one percent of the inecident 1light remains.

The water quality criterion for dissolved oxygen similarly
pertains to freshé&ter aquatiic life. A minimum value of 5 mg 02/1 is
given.(l3)

Effects of o0il and grease on ocean communities range from
inhibition of oxygen transfer when heavy concentrations are present on
the water surface t¢ acute or sublethal toxlcity to specific compounds
present in the oil., Because of the range of possible compositions,
criteria have been specified with respect to biocassay techniques on
important species:

For domestic water supply: Virtually free from oil and grease,

particularly from the tastes and odors that emanate from petroleum

products.

For aquatic life:
¢ 0.01 of the lowest continuous flow 96-hour LCSO to several
important [reshwater and marine species, each having a
demonstrated high susceptibility to oils and petrochemicals.
e Levels of oils or petrochemicals in the sediment which
cause deleterious effects to the blota should not be allowed.
e Surface waters shall be virtually free from floating non-
petroleum oils of vegetable or animal origin, as well as

petroleum derived oils,
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2.1.3.4 Existing Water Quality

The salt waters around Johnston Island and the freshwater system
have been monitored for the presence of 2,4-D and 2,4,5-T since 1973.
Eight locations, including an offshore coantrnl, have ecach heen sampled a
nunber of times. Table TII-13 is a summary of bageline water gquality data
gathered by the Air Force from 1973 to 1977. The data show occasional
instances of HO being detected at most of the locations. Of gpecial
significance to the disposal operation are those locations which were also
sampled by BCL during Operation Pacer HO. These include the wharf, the
south side of the island, the offshore area near the herbicide storage yard,
the saltwater intake and the distillation plant. Corresponding site codes
ugsed in the Pacer HO operation are WF, W0, WD, WS, and Pl, respectively
(Figure 7).

The maximum concentrations historically observed by the Air Force
in the offshore area near the Herbicide storage were on the order of 3 g
2,4-D/1iter and 0.6 pg 2,4,5~T/liter and those near the saltwater intake were
2.3 and 0.7 ug/2, respectively. The other two offshore sites exhibited
maximum concentrations below 0.5 ug/f%. Samples taken in the distillation
plant never showed measurable concentrations, vet one sample from the

storage reservoir showed 1.6 ug/2 of 2,4,5-7. This number ig not only

much higher than any of the other concentrations from the reservoeirs,
but also reverses the trend for the 2,4-D concentrations to be greater

than those foy 2,4,5-T.

Data gathered by Battelle during the baseline monitoring period
from July 24 to July 27 shows 100 percent of all samples analyzed below
the yuantitative detection limit of 0.2 pg/t {ppb) (Tuble §4).

It can therefore be concluded that the water environment at
Johmston Island has In the past been affected by rhe storage of Orange
Herbicide, bat that, immediately prior to the dedrum/transfer operation,

the water showed no serious degradation in guality from the herbicide.
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TABLE 4. OPERATION PACER HO DATA SUMMARY-WATER
PRE-OPERATIONAL

Maxinum Minimom Pogitive Avarage Percent Percent Percent
Na. in PPB in PPB in PPB Positive Trace N.D.
Locatiocn Samples n T b T D T D 7 b T D T
WS saltwatoer 4 <1 <.1 <.1 <.1 - - 0 0 [ o 100 100
intake
WF wharf 4 <.l <1 <.l <.1 - e a §] 0 0 100 100
W0 wastewater 3 <1 <1 <L <l —_— - Q ¢] 4] Q 100 100
optfgll :
WD dovmwind 1 <L T <} T .- e 0 0 .G 100 o 0
dedrum
P1&P2 potable 3 T T <1 <.1 — o 0 33 67 67 33
water
SE1&SE2 sowage 1 <1 <1 <,1 <.1 —_ -— a ¢ 8] [¢] 100 160

RW rainwater
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Other environmental indicators measured were temperature and
dissolved oxygen. The mean monthly water temperature for Johnston Island

C.(ll’EZ} The water temperatures measured by

for July and August is 26.4°
BCL during the baseline period were 26.8° C at the wharf, 26.1° C at the
saltwater intake, and 26.4° C at the wastewater outfall. Digsolved

oxygen concentrations at all the offshore sites were near saturation for

an assumed chloride concentration of 15 ppl (parts per thousand). No

values below the water quality criterion of 5 mg/f were observed., Dissolved
oxygen concentrations were lower in both the potable water and sewage
samples as expected. Potable water composite samples showed mean oxygen
concentrations of 6, 0 - 0.3 mg0, /% or 81 percent of saturatlon at 32° C.
Sewage samples were nearly anaeroblc measuring only 1. l -~ 0.2 mg/4 of
oxygen at a temperature of 32.5° C

No actte adverse environmental effects in existing water quality were

noted during the baseline monitoring.

2.1.4 Groundwater Quality

On Tuesday, August 25, two days after the dedrumming operation
was completed, a 6 in. water sampling well was found in the barrel storage
yard (Plate 2). The exact location is shown on the engineering drawings
of the izland and has since been filled in with coral. The well casing
terminated flush with or just below the ground surface possibly permitting
gurface water ta flow into the well. Therefore, it was judged not to be
a goad site for groundwater sampling. A sample of the water was nonetheless
examined by smell and found to have a distinct odor of HO 1Indicatrive
of contamination. The water table was measured at the hole and found o
be 9 feet 3 inches below the ground surface. This measurement was taken
near a period of low tide.

The Air Force has monitored contaminants in test wells, as docu~-

mented below:

YT
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Histoxical Groundwater Data Summary

TCDD Detection Analyses
Limit (PPT) Regults

Location
Well hole-center of herbicide area 4.37 ND
Well hole-west side of herbicide area .24 ND
Analyses Results, ng/f
2,4~D 2,4,5-T
Kgter Acild Ester Acid
Location 200*% 100% 50%  20%
Well hole-centaer of herblcide area ND 44,000 ND 1,200
Well hole-west side of herbicide area ND 77,000 ND 3,600

2.2 Biological Envirommental Veatures of Johnston Atoll

2.2.1 Terrestrial Fpvironment

The terrestrial environment of Johnston Atoll has been extensively

(1,2)

gtudied. As a result, much 1z known about the plants and animals

which inhabit the four islands of the 4toll.
2.2.1.1 Plants

To date, 51 families, 109 genera, and 127 species of vascular

plants have been identified from the four islands of Johnston Atoll(l’z)

rable 11I~5). This number of plants is remarkable in view of the fact that
only three specles existed in 1923. These three plant species are
believed to have reached the atoll by natural means, either by water
currents, air, or birds. The majority of the remaining 124 species have
been introduced by man. Undoubtedly, some of these introductions were

intentdonal, others came as stowaways or adveatives.

* Detection Limits, ng/4.




Materials from land clearing and dredging operations have increased
the size of the two original islands and have made two new islands, thus
bettering the opportumity for wmore plant specles to become established.
Disturbed soil coupled with the freedom from competition from established
flora have created conditions suitable for the establishment of many
plant species. Undoubtedly, because of the poor soll and climatile conditions,
many of the ormamental species inteationally inttroduced by man would not
gsurvive if not frequently catred for.

0f the 38 species of wvascular plants found on Akau Igland a
majority have been transplanted from Johnston Island. This man-made 1sland
was completed in 1964, and by September, 1967, 31 species were found there.

Fimbristylis cymosa grew over most of the island and was the most predominant

species. Other species which were common were Spergularis marina, Sesuvium

portulacastrum, Eleugsine indica, and Cynodon dactylon. A similar plant

distribution was noted in November 1973.

To date, only 14 species of plants have been recorded from
Hikina Island. The constructiod of this isiand was completed in 1964 and
by September, 1967, five species of planty were found growing there.

Only three of the five specfes were abundant, Fimbrigtylis cymosa,

Sesyvium portulacastrum and Spergularis marina. Two additional species,

Eleusine indica and Lepturus repens, were also present in 1969. The flora

was found to be similar dn 1973.

In 1923, only three plant species were known to be growing on
Johnston Island, Early photographs of the island revesl that Lepturus
repens was the dominant species., By 1967, 111 plant species were recorded
from Johneton Island, many of which were under cultivation by residents.

Major cpeciee were Pluchea carcolenensis, Conchrus echinatug and Casuarina

equisetifolia. There are 54 species of plants which have been recorded

from Sand Island. Only three species (Lepturusg repens, Boerhavia repens,

and Tribulus cistoides) were known to the original portion of Sand Island

in 1923, Lepturus repens was the dominant species. By 1967, the number

of plant species known to the original portion of Sand Island had increased
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£o 25. Ar this time the five most common species were l.epturus repens,

Tribulus cistoides, Sesuvium portulacastrum, Boerhavia repens and

Amaranthus viridis,
The man-made portion of Sand Island was completed in 1941.

By 1967, 50 plant species had been recorded as growing on this portion of

the island. The most common were Fimbristylis, Conyze, Sanchus, Cenchrus,

Pluchea, Cynodon, Sesuvium, Euphorbia, and Scaevola. A similar distribution

was found in November, 1973.

2.2.1.2 TInvertebrates

The terrestrial invertebrate fauna of Johnston Atoll is not
well known. Insects are the only member of the invertebrate fauna which
have been gtudied to any extent. Insects totaling 68 species of 35

families are known from the four islands of Johnston Atoll {Table ITI-16}.

2.2.1.3 Vertebrates

a. Fish

There are no freshwater fishes which inhabit the islands of

Johaston Atoll.

b. Reptiles

Four species of reptiles are known from the terrestrial environment

of Johnston Atoll. These species are Hemidactylus frenatus (house gecko),

Hemidactylus garnotki- (fox gecko), Lepidodactylus lugubis (mourning gecko)

and Ablepharus boutonii poecilopleurus (snake eyed skink}.

¢. Birds

There are 56 bird species which are known to the islands of
Johnston Atoll (Table III~17), which constitute a national bird refuge.

These species belong to 10 orders, 19 families, and 38 genera. Tlwenty-
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two species are classed as sea bilrds and 34 species are waterfowl, marsh,
and land birds.

Of the 22 sea bird species recorded at Johastow ateoll, 12 ave
breeders, 3 are former breeders, and 7 arve visitors {(¥able 1T1-18). All
of the 12 resident breeding species also nest in the Hawadisn Talauds
and other parts of the tropical Pacific. The three gpecies which formerly

bred at Johnston Atoll are Diomedia nigripes (Black-footed Albatross),

Diamedia immutabilis (Laysan Albatross), and Sula dactvlatra (Blue-faced

Booby). The seven sea bird visitors to Johnston Atoll came from the
north, south, and east Pacific.

The 34 gpecies of waterfowl, marsh, and land birds recorded at
Johnston Atell are divided inte five groups: regular migrants consisting
of seven species, Ilrrepular visitors consisting of six species, stragglers
consisting of two specles, accidentals consisting of 16 species, and
introductions consisting of three species (Table T11-18).

The annual breeding and bird population cycles vary greatly
among the bird species at Johnaton Atcll. The sea birds breed during all
seasons of the vear (Figure 8). Nine of the 12 presently breeding sea-
bird species breed during the spring and summer seasons. Thus, May
through September is the peak breading period for the sea birvrds of Johnston
Atoll.

Many of the bird species known to Johnston atoll leave during
part of the year while others stay throughout the year. There is however,
a population buildup for each species sometime during the year.

The breeding population of sea birds of the Atcll consists of
12 species. However, ovoaly Live species are dominant In terms of total
numbers (Figure 9). The Sooty Tern, with a mean population of 300,000 to
310,000 breeding birds during March, April, #nd May, makes up 95 percent
or more of the total Arcell jupulation hetween March and July. Possibly
as many as 600,000 foocuy Terns used Johnston Atoll annually.

Red-footn  oples, whose mean population ranges up to 3,750
hirds, ranks secopst iun sea hird numbers in winter and spring. Most of

these birds are trarslents for only a few young are produced each year.
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CUMULATIVE- NUMBERS
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The Brown Noddy ranks third in mean population numbers. The Wedge-tailed
Shearwater ranks fourth in numbers of adults using the Atoll but is
present only from March to early December. The Great Frigatebird, with

a main peak of 750 in March and April ranks fifth in population numbers.
Mean monthly populations of &ll other specles combined never totals more
than 600 nor less than 300 birds.

Of the seven regular migrants, only the American Golden Plover,
Wandering Tattler, and Ruddy Turnstone are known in all 12 months.
Although the Wandering Tattler is present in low numbers throughout the
year, American Golden Plovers and Ruddy Turnstones show peak populations
of 120 and 100, respectively, in fall and mid-winter (Figure 10},

The four islands of Johnston Atoll vary with respect to size
evaluation, soll, vegetation, and degree of human disturbance. Major
differences exist in the ecological digtribution of bird species between
disturbed and non-disturbed islands. This is particularly true for the
bird species which breed on the islands of the Atoll.

Fifty-two of the 56 bilrd species known to the Atoll are known
to Sand Island. Of these 52 species, 44 are known from the original
portion while 35 are known from the man-made part. Furthermore, 35 species
are known from Johnston Island, while eight are from Akau Island and
five are recorded from Hikina Island.

The bird populations of Akau, Kikina, and Johnston Islands are
known to be small in comparison to that of Sand Island. The population
cycles shown in Figure 8 are essentlally those of the birds on Sand
Island. During the spring and summer, Sooty Terns are most predominant
species and nest on the bare ground over most of the island (Figure 11},
The nesting areas for other specieg are shown in Figures 12 and 13. Brown
Noddles nest on the ground around the perimeter of the island. Red-tailed
Tropicbirds nest under low vegetation about the island. Wedge-tailed
Shearwaters nest in burrows over much of the island. Brown Boobies nest
on the ground on the southeast hill, the south edge, the northeast
penninsula, and the southwest islet. Red-footed Boobies build their nests

on the east hill, on the Tournefortia bush northeast of the transmitter

bulldings. Great Frigatebirds nest along the east hill and the south edge.

Pl : .’«’&éﬁm
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Mottality in the bird population of Sand Island has heen studied.
The main cause of mortality was birds flying into the guywlre system of
the LORAN-C antenna. This system contained 24 top-loaded guywires which
atretched from the top of the 625 foot tower to concrete pillars located
in the lagoon in a circle around the island. There also were three sets
of guywires stretched from part way up the tower to two sets of concrete

anchors located on or near the periphery of the island.

d. Mammals

There are no mammals native to Jolmston Atell, With the exception
of human occupants, five species of mammals are known from the terrestrial
and one species from the marine environment of the Atoll (Table I1I-19).

It is likely that the two rodents arrived in ship or plane cargoes, while
dogs, cats, and rabbits were purposely introduced by military and civilian

personnel,

2.2.2 Marine Environment

The marine environment of Johnston Atoll has been studied to a
counsiderable extent. Tt has been heavily disturbed by man during dredging
operations associated with the deepening and lengthing of the ship channel

and seaplane landing area.

2.2,2.1 Plants

Prior to the dredging operations ol 1964 only one marine algal
speecico was lmown to Johnston Atoll., In 1965, as part of a study of the
effects of dredging on the marine envivomment, 67 species of benthic marine
slgae were collected from Johnston Atoll. Additional collections in 1966
added 26 more species to the known species list. In all, 93 species of

benthic marine algae are known from the waters of Johnston Atell., Of the
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93 species, 12 were found only from the marginal reef, while 33 were found
only in the lagoon waters (Table I11-20). Of these 33 lagoon specles,
11 occurred only in open water, 1l were found only in the inshore area of

Johnsten Island, and 2 were taken from the inshore area of Sand Island.

2.2.2.2 Invertebrates

The invertebrate fauna of Johnston Atoll is not well known.
Several scattered collections have been made bhut no extensive systematic
sampling programs have heen conducted.

There are 18 species belonging to 11 genera of Cnidaria (hydras,
jellyfish, sea anemones, and corals) which are known to Johnston Atoll
(Table 111-21). TFifty-eight species of Mollusca have been collected from
the Atoll (Table III-22). To date, only 12 species of Annellida belonging
to 8 familles are known from the lagoon waters. These are listed in
Table IX1-23. A total of 75 species belenging to 20 famillies of Crustacea
have been recorded from the lagoon waters at Johnston Atoll {(Table TII-24).

The marine vertebrates of Johmnston Atell are well known. TFish
species have heen studied most extensively and are separated into two

categories: pelagic fishes and inshore fishes.

a. Fish

Numercus large pelacic fishes have heen recorded around Johnston
Atoll., Although no extensive species list exists for this area, various
specles of tuna, sharks, and barracuda are known to ocour in Lhe walers
around the Atoll.

Te date, & total of 194 species of inghore fishes have been
recorded from the waters of Johnston Atoll (Table II1I-25). A majority of

these species have also been found in the fish fauna of the Hawaiian
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Islands. Only two of the 197 species have not been recorded elsewhere.

These are Centropyge nigriocellus and Centropyge flammeus, neither of

which is abundant at Johnston Atoll.

b, Mammals

The Hawaiian Monk Seal is the only mammal recorded from the
marine environment of Johnston Atoll. These are known to have arrived
from the resident population of the northwesteyrn Hawaiian Islands. It
is also likely that porpolses visit the Atell's lagoon waters, although

an official record has not been made.

2.3 Human Environment

2.3.1 Economic and Socisl

There 1s no indigenous population on Johnston Atoll., Rather, the
population is transient representing 4 agencles; namely

{1} The Air Force, who administer the Island.

(2) The Army, whose "Red Hats" guard and maintain
a mmitions storage area.

(3) The Coast Cuard, who maintains the LORAN equip~
ment on Sand Island.

b
4) a}t)ld —%nc., staff, who perform
sland mainfenance, food, laundry, medical

etc. gervices,

There 1s not a local economy, all goods and services being provided
by these ageucies.

The island personnel live in a cooperative atmogphere with very
ittele violence or crime, PTeople who do not ablde by the established standarvds

of behavior are rapidly and permanently transferred from the island.

55 ¢3/6/f



3. DESCRIPTION OF ORANGE HERBICIDE DISPOSAL PROGRAM

3.1 Purpose

Following the decision by the Secretaries of HEW, Agriculture, and
Interior in 1970 to suspend some uses of 2,4,5-T, the Alr Force conducted an
environmental impact study to determine the most ecologlcally sound method to
dispose of the 2.4 million gallons of Orange Herbilclde stored on Johnston
Island and at the Naval Conmstruction Batallion Center, Gulfport, Mississippi.
The approved alternative for accomplishing this objective was the dedrumming
of the herbicide at Gulfport and on Johnston Island and the transferal of the
TCDD-contaminated material to the Dutch-owned incinerator ship, M/V Vulcanus,
for thermal destruction. The operational plan and subsequent activities
discussed in this report represent the Alr Foree's efforts to implement the
recommendations contained in the final environmental statement, and to comply

with the provisions of EPA permits.(16)

3.2 Operational Procedures

3.2.1 Physilcal Manipulations

Physical manipulations as discussed include only those portioens of
the overall operation plan which specifically had implications for causing

environmental degradation of the island or its ipmediate offshore area.

3.2.1.1 Drum Handling~Dedrumming

7 The 1.3 million gallong of Orange Herbicilde stored on .Johnston Tsland
represented approximately 25,000 drums of 55«~gallon capacity. These were stored

in rows stacked three high in an area of about 3.5 acres on the northwest corner
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of the dsland., A dedrum facility was modified® to allow transfer of the
material from drums to bulk carriers for transport to the ship, The
facility and operation basically consisted of a ggyered concrete pad and two
fabricated metal racks upon which full drums were placed in four groups

for 12 sach, Drums were transported from the drum yard in sets of four
using fork 1ifts equipped with specially designed clamps., Each set of

12 drums was handled independently by the dedrumming crew., Once the drums
were on the rack and the fork 1lift had withdrawn, a crew member would
punch one hole near the top of each drum to allow the crew's supervisory
personnel to check the contents of the drum for Qrange Herbicidel™ Any sus-
picicus looking drums were vewoved from the line and held for further
testing prior to loading. Three closely spaced holes were then punched

in the bottom of each drum and the fluid allowed to drain. A set drain
period of 5 minutes was determined in prior testing to give the most

rapid throughput of drums and still achieve good drainage.

Following the 5-minute drain, the inside of esach of the drums
was rinsed with 1 gallon of diesel fuel using a spray wand. Operators
were instructed on the proper technique to cover the entire drum interior,
After draining for 2 minutes, a second one-gallon spray rinse was initiared
and 2 minotes allowed for draining herbicide and rinse drained into a
trough which flowed into a sump equipped with pumps to transfer the
material to a tank truck.

Quality control pracedures were carried on through the entire
operation, In addition to the testing of contents mentioned previously,
samples of the second rinseate were obtained from about every hundredth
drum. A total of 219 such samples were taken. A target value of the sum
of the concentrations of 2,4-D and 2,4,5~-T was derived from test rinses con-

ducted by the Air Force at the Naval Construction Battalion Center, Gulfport,

* The facility had originally been installed for redrumming of leaking drums.

*% Drums containing material other than HO were taken off the rack
and sealed for future disposal action, Only HO was allowed to drain.
As the EIS and permits were only for the destruction of HO, other
chenicals could not be allowed .o mix with the HO in the sump. Each
harrel was examined by pipetting a sample prior to drainage. Visual
and olfactory examinations were used to verify contents as being HO.
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Mississippi. The level of rinse achieved was to be equivalent to the
Environmental Protection Agemcy triple rinse procedure.<16) Recommendations
on the Johnston Island drum rinse procedure were made by Battelle~Columbus

Laboratories based on the results of these studies:

& Five spray rinse satudies showed that the first ripnse efficlency
averaged 68 percent removal (range from 64 to 74 percent)
while second rinses averaged 69 percent removal (range from
62 to 79 percent). As an approximation, the first and
gecond rinses yielded the same efficiency of 68 percent removal,

® Thirty-five drainage studies showed that, on the average,
total mass of 2,4~D and 2,4,5-T remaining in a drum after
being allowed to drain for 5 minutes is 261.29 grams with
a standard deviation of 139,73 grams.

¢ The herbicide mass removed in the second rinse was shown to
be proportional to the first rinse résidual., Increased
draintime decreases residual and, hence, second rinse herbicide
mass. Increased wash efficiencies on the first rinse also
cause a decrease in the second rinse mass,

e Using 68 percent rinse efficiency, and the distribution of
residuals from the drainage studies, it can be showyn that
50,6 grame of herbicilde in the second rinse represents
85 percent removal with 92 percent confidence bounds. Likewlse,
46,1 grams represents 90 percent removal.

# Assuming the rinse volumes are exactly 1 gallon {3,783 liters),
the sum of the concentrations of 2,4~D and 2,4,5-T for 85 and
90 percent removals (99 perceunt confldence} are, respectively,
13,36 mp/ml apd 12.18 wmg/ml in the second rinse, Nominal
values will be at 56.4 grams or 14.9 mg/ml (for population
mean, nominal 90 percent removal). Because of the overlap,
a 68 percent confidence bound was suggested. Accordingly,
the 85 percent removal for thesge upper and lower bounds

requires maximum second rinse concentration of 15.30 mg/ml
(Figure 14),
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e Because of randomness in the original residual mass, the
proposed quality control line is only one-half standard
deviation from the expected value for the residual mass of
any given drum. Thus, 34 percent of the individual sample
results will appear to be out-of-control if plotted. Accord-
ingly, a more accurate trend line can be constructed if

only the average concentration of every five samples and

the total running averages are plotted.

Figure 15 shows the results of the drum rinsing for sll data
obtained. Occasionally a series of samples would show a very high average
and move the running average up toward the coatrol line. This problem was
encountered early in the program and again during the second loading
operation. The operation was analyzed following the first loading to
determine why the guality control program showed this behavior.

During the first half of Operation Pacer HO, 121 drum ringe
samples were analyzed. The overall average concentration for these samples
was 17.33 mg/mi of second rinse or,65.5 g/gal. To have achieved the
required control level, the concentrations should not have exceeded 14,90 mg/mi.

It was noted during Battelle's observation of rie dedrum operation
that the pipet used to obtain drum tinse samples was oft.a placed in close
proximity to the pipet used to check the drums for suspiclous material,
inviting 2 mix-up, The effect that this would have on the riunse quality
control would be to have one sample be very high and succesgive samples be
diluted in proportion to the original contamination and the actual rinse
efficience., Other possible reasous for the extremely high values observed,
none of which have auny bearing on the actual rinse efflciency achleved, are
an varepresgentative sample of drum rinse or an accidental first rinse sample,
The first is caused by a delay in taking the dample and results in a sample
which has separated into ilte component phases. Since the HO 1s much more
dense than either water or diesel fuel, a sample obtained from the hottom of
the container would have exhibited a much higher concentration of herbicide
than a well mixed sample. The second, aithough not directly observed,

could easily have occurred during an operation of this nature.
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Since it could not be determinad which of the samples was
affected, a statistical review of the rinse procedure was used to
determine an upper bound for contaminated or otherwise blased samples.

At a nominal residual of 261 grams and a 69 percent efficiency
for the first and second rinses, the concemntration lu the first rinse would
be 47.57 mg/ml and in the second 14.77 mg/ml. TFurthermore, for the standard
deviation of 139 grams, ove percent of the drums would be expected to show
as much as 678 grams of residual. Wich "worst case'" assumptions of a
64 percent first rinse and 79 percent second rinse, the expected second rinse
concentration for one percent of the population la 50.94 mg/ml.

Tt was expected that, on the basis of the statistics, one percent
of rhe drums sampled would have shown a true second rinse concentration
of greater than 60 mg/ml. These could not legitimately be rajected as
outliers, At the same time, the nominal first rinse concentration was
about 48 mg/ml. If an accidental first rinse gample were included,
its concentration would have heen about the same as the "worst case"
residual described above, A first rinse sample should be rejected.

A compromise between the errors involved in including a first rinse
ganple as an estimator of second rinse efficiency and of rejecting a

true second rinse which falle on the "tail" of the sampling distribution
was needed. It seened reasonable, therefore, to relect as outliers

all samples showing second rinse concentrations in excess of 47.0 mg/ml.
A total of nine samples were rejected during the first loading period and
14 during the second loading period. The resultipg running averages

are shown in ¥igure 16 and are seen to comply with control conditons,

Suggested improvements to the drum rinse quality conirel program
waere as follows:

o Control of the drum rinse sampling pipet should be by the
person who counts drums, He should also be responsible for.
selecting the drum to be sampled so as to assure that one
station dis not bilasing the sample,

& As the drum is sampled, he or another man should make sure
that a second rinse sample iz beding taken and not a first
rinse. It may be that in the confusion of the operation

mistakes are being made.
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& The zample container should be stirred with the pipet before
sampling to obtain a more homogeneous sample.

# The pipet should be specially marked with paint or other
ecasily seen and indelible warker.

® The location of the sampling pipet should also be marked
to avoid cross contamination with drum~test pipets. These
should not be kept near the sample pipet.

&« The sample should be drawn using the index finger rather
than the thumb., This will maintain better control and permit
faster sampling, thus, minimizing the possibility of in—'“
homogeneity.

® The drum selected for the ringse sample should have only one
drain hole punched in it. This facilitates the capture of
the ringe 1n the gallon can,

® The drum counter is also responsible for assuring that the
drum drains for exactly 5 minutes prior to the first rinse.

A second category of special drum rinse samples consisting of a
set of four run in duplicabe was used to verify that the concentrations of
HO in 3,300 previously emptied drums was below the control line using only a
gingle rinse. The material in these drums had been subjected to weathering
for a period of from two weeks to over gix years. The mean concentration
using one gallon rinse was 3.56 mg/wl {(13.5 g/gal) with a standard deviation
of 3.21. Thus, there is negligible probability that the observed values
do not meet the EPA triple rinse criterion. The Air Force's decision was to
forego further quality control testing on the remaining emptied and
weathered drums and to provide a single onme gallon rinse to these drums.

After the second rinse had been allowed Lo drain for Lwo wlnutes,
the drums were removed from the racks by velling them the northwest corner
of the dedrum facilicy. Tork lifes with a vamp attached to the forks

were uged to transport the empty drums to the crusher.



3.2.1.2 Drum Crushing

The fork 1lifts transported six drums per trip to the crusher
feed ramp, Drums were fed to the crusher one at a time. The crusher
conslsted of a large welght suspended between two I-beams, The drums
were compressed along the longitudinal axis. There were no spray sghields
around the crusher to trap the mist of oils and residual HO which was
released on impact (Plate 3). Several times the crushing operation fell
behind the dedrumming operation and the empty drums were stacked up on the

ground around the crusher.
Crushed drums were bundled and placed in storage on the seaward

(downwind) side of the dedrum/crushing area. A large plastic sheet
was used to protect the crushed dirums from rain.

3.2.1.3 Tramspori of HO to Disposal Ship

Herbicide was pumped from the collection sump into standard
Air Force R-5% refueling trucks (Plate 4) via a dry coupler bottom connection.
Because of the difference in density between the BC and JP-4, the R-5's were
ouly filled with 3,000 gallons of HO versus a 5,000 gallon capacity.
During the £illing operation, a drip pan under the coupler was used to
prevent any hevbicide from contaminating the loading pad. When disconnection
took place, a few drops at most were observed to be discharged Into the pan.
The refuelers transported the HO to the wharf via a road which
was set aslde for this purpose, Non-project related vehicles wére forbidden

traffic along this section of roadway,

3.2,1.4 Transfer to Disposzl Ship

Once the refueler had reached the main wharf, the procedure was
esgentially reversed., The same type of dry couplings and spill prevention

cquipment were employed to pump out the tank and bulk transfey the material

% The pumps on the R-5 were bypassed to prevent their contamination and

seal destruction by HO.
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to the ship. The area in which the pumps and hoses were tocated was diked
with sand bags and plastic so that as much as a full truck lead of gpilled
material could he contained (Plate 5). All hose-to-hose couplings were

similarly wrapped in plastic to catch any herbicide.

Under normal conditions, an R-5 could be emptied in about 20
minutes wlth another arriving to replace it just about the time 1t became
empty. The only problems noted in this operation were the clogging of
screens used to trap sludge particles, and the formation of a flow retarding

vortex in the R-3's,

3.2.1.5 C(leanup

After the last HO had been transferred, all of the equipment,
trucks, ete., were rinsed and decontaminated with diesel fuel which in

turn was transferred to the ship.

3.2.2 Descriptions of Project Activities

This section provides, in outline form, all envirommentally
relevant project related activities contained in the official memos for
the record or in BCL project records,

e July 23-— All persomnel involved in the project were briefed
by the Project Director on matters of splll prevention,
countermeasures in case of gpills and personal safety.
Contingency equipment was inspected and positioned.

¢ July 23-24—BCl task leaders held discussions with corres-
ponding Air Force officers reparding placement and start-up
of land-based envirommental wonitoring (see Section 3.Z.3).

o July 24--Firat day of baseline envirenmental monitoring.

® July 25-~-M/V Vulcanus arrived at approximately 1500 hours,

o July 26--Training operations for dedrum crew bhegan at 1300
hours. Three drums were taken through procedure on day
shift and three on night shift,

e July 27--Full-scale loading operations commenced at approximately

1500 hours. Several small leaks in R-5 were noted and corrected,
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One badly leaking drum was located and removed to the dedrum
rack, Clean~up was instituted, An estimated 25-30 gallons
were spilled onto the coral storage area.

July 28--A very small (<1 gallon) spill on the wharf was
noted, WNo water contamination was observed and spill
clean-up was accomplished.

July 30-- During deballasting, an orange colored plume was
observed on the port side of the M/V Vulcanus from 1100 hours
to 1800 hours. Black olly trailings were visible in seversl
places. Samples were taken at 1100 hours near the discharge
of the deballast pump at & depth of 1 meter below the surface.
July 31~-~Air Force was informed of preliminary air and water
sampling results.

August 1--The Alr Force was advised on the trend of the drum
rinse quality control results up toward the control line,
Results of previous day's deballast water sample submitted to
Alr Force.

August 2--EPA decision to require one tank filled with

pure herbicide will result in 600-650 empty drums that have
not been rinsed being tewmporarily stored near the dedrum
facility. It was recommended that plastic be spread on

the ground to prevent any spillage. Dedrumming resumed at
1900 hours after Z4-hour hiatus.

August 4~-Drum rinse sampling procedure changed to obtain
samples from all stations uniformly. Personal samples

from pump operatory inside dedyun facility eliminated becauvse
of low concentrations measured.

August S5--Dedrumming completed 2160 hours. Land-based
monitoring schedule for interim period submitted to TRCO.
Improved procedures for sampling of drum rinse were suggested

by BCL and accepted by the Alr Force.
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August 6--M/V Vulcanus departed 0830 hours. Dedrum crew began
rinsing and crushing 648 drums from temporary storage.

August 1l--All drums have been rinsed and crushed. Tab

work load adjustments discussed with TRCO to permit analysis
of wipe samples from ship at close of program.

August 15-~Results of first load lab analyses submitted by
BCL to Air Force. Drum rinse quality control program
improvements were brought up again. In the course of
conducting tomato plant bio-assay studies, it was found that
the plants wmiformly were wilting due to the extreme
aygpotranspiration. The problem occurred because the pots,
as provided, were too small and the peat potting medium
lacked the necessary water holding capacity.

August l6-—Suitable volcanic mineral soil was added to the
potting medium, The surface of the soll was covered with
aluminum sheets to reduce evapotration., The plant wilting
was eliminated. The previously damaged plants were replaced.
August 17~-All alr, watex, and biological observation
schedules were reinstated. Drum rinse sampling monitoring
was inltiated preparatory to the second burn. Tomato plants
downwind of the dedrumming facility continucd to be affected
by the herbicide., It was suspected that the vaporization

of the BO from rows of crushed drums compounded this phenomenon.
The hed of the truck used to hanl tomate plants and equipment
was found to be contaminated with HO. The bed was replaced
immediately with clean materials. The loading of M/V Vulcanus
began at E300 hours. Continual splll vecomnalssoance was
initiated.

August 1B~~The industrial hyglene consultant notlfied the
Air Force that some civilians were gmoking adjacent to
loaded R-5 refuelers, The operations officers were notified
that no smoking materials or food should be taken into the
dedrumming facillty. Appropriate actions were taken to

prevent future cccurrences,
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August 19--A brownish plume was observed and photographed,

as the M/V Vulcanus was pumping ballast while berthed at the
wharf. A grab water sample was taken near the stern of the
ship. Dedrumming and ship loading was suspended at 0600
hours. No marine ecology impacts were obgerved. Figh were
noted awimming In the area of the deballast plume. The potable
water intake was closed during the deballasting operations.
August 20--Slight water discolaration still existed between
the M/V Vulcanus and the wharf.

August 21--Battell's analytical laboratory reported that

the deballast sample results had several peaks and without
further dilution studies, they reported that they could neot
state the levels of 2,4,5-T or 2,4~D in the grab sample,
Dilution studles and a rerun of the sample was requested,
August 22-~Deballast results were submitted to the Alr Force.
August 24~-A ground water sample taken from a bore hole in
the barrel yard storage area smelled strongly of herbicide orange.
1¢ was highly probable, due to the lack of a berm, that the
surface contamination entered the bore hole or observation
well., The post-operational monitoring program was begun.
August 27—Numerous bird specles were observed and surveyed
on Akau, Hikina, and Sand Islands of the Johnston Atoll.(All
were in apparent good health except bilrds with broken wings
that had flown into antemna guywires.) Abundance and type
of fish species were noted In the wharf area. No marine
ecological stress was evident.

August 28--Plant species on Johnston Island were suxrveyed.
There was no evidence of native plants being affected by

the Orange Herbiclde disposal opevationg. This was the last

day of post-operationsl monitoring.
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3.2.3 Physical Monltoring Sampling Protocol

3.2.3.1 Chemical Sampling

a, Alr

{1} Equipment and Procedures. In order to assess the impact on the

alr environment due to the possible presence of the N-butyl esters of
2,4-D and 2,4,5~T and the dioxin, TCDD, two methods wers employed.

Alr sampling for 2,4-D and 2,4.5-T was accomplished utilizing
Chromosorb 102 as an adsorption medium, a granular polymer well suited for
collection of chlorinated hydrocarbons. This material was packed in
micropipet tubes which were then wrapped in aluminum foil and stored in
rubber stoppered test tubea (Plate 6). In order to sample a volume of
air of about 150 liters, a flow rate of 0.50 liters/minute for a period
of about five hours wag required. A good adsorption efficlency could be
obtained at this flow rate. A five hour sampling time was adopted which
corrasponded to the. length of one-half shift. This sampling procedure
for the operations area aveided interruptrions when the shifts were breaking

for meals,

The sampling apparatus consisted of an MSA Model G Personnel
Sampling Pump mounted on top of an upright clean 55 gallon barrel for all
ambient stations. The chromosord tubes were connected te the pumps with
Tygon tubing or, for the samplers worn by workmen where greater flexibility
was desirable, latex rubber. In order to minimize the likelihood of
rainwater contamination, the tubes were attached so that the opening to
the tube would face dowmward.

The pumps at the ambient stations were maintained on conatant
"high" recharge throughout the period, regardless of whether or not the
pump was in use. The pumps worn hy workmen were battery powergd for the )
five hours. These pumps were then recharged in one of the samplewpreparatioﬁ
rooms in Building 19C during the next half-ghiftg.

3
<
T,
N



¥low rates were checked at hourly intervals with a rotameter
and adjusted to ensure that the 0,50 liter/minute flow was being maintained.
In only a few instances did the pumps fall to maintain the desired flow,

Alr sampling for TCDD was accomplished utilizing benzene as
the absorption medium, The apparatus consisted of a train of four impinger
columns, the first two filled with 35C and 250 ml of benzene, respectively,
and the final two with activated carbon {(Plate 7). Activated carbon was
used to adsorh the vaporized benzene from air flow through the first two
colums. The benzene columns were wrapped with aluminum foil to avoid
photo-decomposition of the TCDD in the sample. Following the carbon
columns, a paper filter was attached with Tygon tubing to prevent any
carbon from entering the pump.

The pumps were operated directly off the 110-volt AC lines
located at the sampling stations. The entire impinger train with pump
was mounted on the same barrels as the MSA pumps at each station. As with
the chromosorb apparatus, the flow rate through the impinger was periodi-
cally checked using a rotameter and adjusted as necessary at a bleeder
valve. A rate of 1.0 liter/minute was chosen; however, this rate may
have been in error by as much as 20 percent, as variability in the pumps’
speed and the effect of increasing amounts of saturated carbon caused

fluctuations in flow.
The estahlished running time of five hours was about the maximum

duration for maintaining flow without saturating both columms of carbon,
which would result in a benzene breakthrough, About halfway through the
study, it was found that the columns were becoming saturated after about

4 hours. As a result, the procedure was modified such that the last columm
filled with saturated carbon was temoved and replaced with a column filled
with fresh carbon during the eampling period. This enabled the entire
half-shift to be represented as well as to provide a larper sample volume.
Reasons for the more rapld adsorption rate are speculative, bulb Lt is
believed that the carbon used in the second half of the study was of lesser

quality
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Samples were removed from the sites with the entire impinger trains
intact within wooden holders. 7The benzene was drained into brown glass
jars in one of the sample preparation rooms of Building 190 (Figure 3).
The glassware was then rinsed once with benzene into the sample containers
to collect any portions that my have adhered to the impinger walls.
The samples were stoved in a dark, cool room In Building 190 before being
packed for shipment to the Occupational and Environmental Health Laboratory
at Kelley Air Foree Base for later TCDD analysis,

Prior to reuse in the field, the impinger plassware had three
acetone ringes followed by one ringe with benzene,

(2} Adir Sampling Sites. Four areas were sampled for the N-Butyl

osters of 2,4-D and 2,4,5~T and TCDD, These were: (a) the dedrumming
facility, (b) a position 310 feet west of this facility, (e¢) the wharf
where the M/V Vulcanus was docked, and (d) the weather station, Figures 17,
18 and 19 show the locations of the air sampling sites.
The remaining three areas (b)), (c), and (d) were ambient gites.
Fach station was characterized by an impinger and chromosorb apparatus
placed upen clean, 35 gallon drums.
Site {(a) Alr inside the dedrumming facility was sampled to
alloy for a comprehensive .industrial hygiene report.
An impinger was located on a clean barrel at the southwest
corner of the shelter for TCDD detectiom. R
In order to obtain workmen's exposure to 2,4-D and
2,4,5-T, persons working inside the facility in close
contact with the herbicide were requived to wear an
MSA pump around the waist with a chromosorb tube attached
near the breathing zone. When a workman wearing a sampler
would leave the area to take a break, the samplera were
turned off preventing such petential contaminants as
cigarette smoke from being drawn into the sample. This
procedure assured the detected concentrations to be
representative of Lhat luside the facility, As a further
precaution, most of. the chromosorb tube was left wrapped
in aluminum foil o minimize comtact of the outer portion

of the tube with the herbicide, a possible route to
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Site (b)

contamination of the sample. Once the sampling duvration
was complete, the chromosorb tube was rvewrapped in clean

foil and sumitted to the lab. The tubes were then cut
ingide the laboratory and the lower contaminated portion
of the tube discarded before removal of the Chromosorb
102 granunles,

Because the pumps were turned off during breaks and
some time was required for the crews to dress and undress
during each half shift, the five~hour sampling time could
not be achieved. In most instances, however, a sample
volume of at least 100 liters was obtained at the ©.50
liter/minute flow rate.

In addition to the impinger and personnel samples,
chromosorb samples were taken on occasion at two western
(downwind) corners and at the center of the eastern wall
of the dedrumming facility. Most of these were taken
during inoperative periods, when crews were not dedrumming
the herbicide.

Located 310 feet west of the dedrum site, the dowmwind

site was chosen to assess the affects of the barrel

storage area, dedrumming the herbicide, and other operations
on the alr environment of this area. A comparison of the
ambient levels at this station with observed tomato plant
damage was possible due to the proximity of the plants

with respect to the site.

The downwind statlon was located near the crushed
drum storage area (to the south), the contaminated wood
stockpile (te the southwest), and the wind recording
station with anemomater. The effects of the crushed drum
storage agea and the wood stockpile on detected concentrations
at the downwind station was minimal due to the constance of
the wind from perpendicular to opposing directions. ‘he
proximity of the anemometer with the station allowed a

close correlation with immediate wind directions and speeds,.
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Site (c¢) A third ailr gampling station was established on the wharf
at the western wmost light pole, approximately 300 feet
from the truck-to-ship pumping station. Although winds
were usually slightly out to sea with respect to this
area, the position of the station does allow for an
assessment of the ship's presence and pumping operations
on the ambient air levels ¢of the land adjacent to the wharf.
Site {d) The fourth site, located at the weather station, was
utilized for measuring the air background levels and

was far upwind of all operational areas.

(3) Adir Sampling Intervals.

{a) Preoperational. Ailr sampling was conducted for a three-day

period (July 24 to July 26) before dedrumming ope:..cions commenced for

the purpose of establishing baseline for the stud:, Benzene and chromegorb
gamples were run daily at the weather station, wharf, mmd dowmwind sites.
Additionally, three benzene samples (one/day) and three chromosorb samples
(all on July 26) were run inside the dedrumming facility, These samples

were representative of the late~morning, early-afternoon hours.

(b) Operational., Air sampling during dedrumming and associated

operations commenced on July 27 and lasted through August 5 for the first
loading of the M/V Vulcanus., The second loading took place over the interval
August 17 through August 23. Generally, sampling during operations was
limited to the five~hour half-shifts of the morning and evening. ¥rom the
study performed at Gulfport, it was learned that the time of day had little
affect on cbncantrationa datactad in the fileld. Nearly constant climatic
conditions suport this idea for Johnston Island.

A total of 120 valid chromosorb samples were taken at the four

areas of study during the two operational intervals. Thelr distribution

ig shown below.

¢ Weather station -~ 22
& Wharxf - 18
® Downwind station - 26
& Personnel samples -~ 43
4 Corners of dedrum ~ 11

&

i

.

ey



Only eleven samples were taken at the edges of the dedrumming
facility because it was decided that for purposes of sampling exposure
in the working area, personnel sampling would be a more representative
method, When possible, two separare personnel were monitored each half-shift,
Early in the study, a third sample worn by the pump operator at the eastern
end of the facility was taken to compare his expesure to that of workmen
who were actually opening and draining the barrels,

In addition to the chromosorb samples above, bhenzene samples were

run at the four sampling sites on the same two/day basis.

{¢} Interim, Very limited air sampling was performed during the
ship's burn of the first loading. On August & and B, the downwind site
and weather station site were sgampled. On August 11, the wharf and weather
sites were sampled, making the total number of samples taken during the

interim period six chromosorbs and six benzenes. All of these samples were

run during the morning hours.

(d) Post-Operational. Sampling after the ship's departure for

the burn of the second loading extended from late afternoon on August 23
through the evening of August 26, The hourly intervals investigated were
those of the moraing and late afternoon-early evening. Moving the svening
sampling up to include part of the afternoon allowed representatives of
more dayiight hours, thus a more accurate asgessment of the effects of
radiant energy on the barren, barrel storage area could be made. At the
same time, the morning sampling interval was left unchanged for the basis

of comparison wibh operational values.
A total of 32 Chromosorb and 25 benzene samples wexe taken zt the

downwind, wharf, weather station, and dedrum siteg, Unfortunately, 10 of
the chromosorb samples had to bes discredited due to unreasonably high 2,4-D
to 2,4,5-T ratios, It was found after the submission of three blank
chromosorb tubes (in addition to the blanks submitted on August 3, August 11,
and August 20) and other tests run in the laboratory that a box of thimbles
used for the GC were contaminated. 4s a result, most of the chromosorb data

from the aftexnoon of August 25 through the end of the study was lost.
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The distribution of valid chromosorb data for the post-operational period,

therefore, is as follows:

Weather station
Wharf -
Downwind station
Dedrum facility

(Y- I A

> & e e

3.2.3.1 Chemical Sampling
b. Water

The sampling program for the water énvironment of Johnston
Inland consisted of four offshore sites and two onshore sites (Figure 20).
The offghore sites were located in such a way ags to monitor a particular land
based HO operation while the onshore sampling points zllowed assessment of
the incoming herbicide load to the water treatment plant and the outgoing
load from the sanitary waste system.

Samples were taken of the water near the main wharf at two
points just off the bow of the ship at 10-11 meters of depth (Plate 7). The
water current in this area and the density of the herbicide/diesel fuel
mixture relative to seawater at 25°C were used to select locations where
a spill would be likely to be found (See Section 2.1.3.3). Samples were
obtained daily hetween 0800-0900 hours, 1300~1400 hours, and 1800~1900 hours
using a landing craft or outboard motor beat. A set of brown glass jars of
1250 ml capacity, prewashed with acetone, were used for temporary storage.
A plexiglass Van-Dorn bottle of 1-liter volume was used to obtaim the samples
from the water column, Immediately after transferring the sample to the
glass jar, measurements of dissolved oxygen and temperature were made
with a Yellow Springs Instrument Corporation salinity compensating
polarographic unit. Jars were capped to prevent any degradacion from
sunlight.

The saltwater intake for the desalination plant was sampled
daily at about the same times as the wharf samples and at a depth of
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five to six meters (about one meter from the bottom}. 7Two coordinates were
sampled--one at a point 5 meters offshore of the small boat plers and on

a line from the north cornmer of the main wharf tc the perpendicular drawm
from the small boat pier and a second at the intake screen for the system,
which consisted of three 24 in. intake pipes (Figure 21),

The third offshore location sampled on a regular basis was the
sewage outfall on the south side of the island. Because of the difficulties
in reaching this site with anything other than one of the landing craft,
it was possible to sample this site only every other day. Samples were
taken at a single point approximately 550 feet offshore and slightly down~
current of the submerged sewage ocutfall, Raw sewage could occasionally
be smelled in the samples, The sample depth was 6 to B meters; the depth
to the top of the submarine outfall is 8,3 meters according to engineering
blueprints of the waste disposal system (Figure 22). Samples were taken ’
between 0800-0900 and 1300-1400 hours.,

The fourth offshore site, sampled four times, was the shallow off~
shore area near the drum storage yard (Figure 23), Water samples were taken
at about 1400 hours once each during the baseline, first loading, second
loading, and post-operational periods. During the baseline sampling,
water was drawm from 5 meters depth and during the first loading period
water from 2 and 8 meters was composited into a single sample.

At 1900 hours on days when sampling the wharf, saitwater intake,
or sewage outfall, compositing was done ou at equal volume basia [rom
each of the two or three sets of bottles for that site, New brown glass
1250 ml jars were used for final storage. Replicates of each sample were
submitted, Log sheets were filled out and submitted to the lab with the
samples,

The onshore samples were obtained using Instrumentation Specialities
Co. Model 1680 antomatic water samplers equipped for discrete sampling.
Sawpling contalners were glass, prewashed with aceteone. Samples were taken
over a 24-hour period cnce every 30 minutes. Sample volume was 180 ml.

The units were dedictated to the particular sample type (sewage or drinking
water) to prevent crosg-contamination. Ice was packed around the sample
containers to reduce sample loss. The temperature and pH was measured at

the beginning and end of a sampling periocd.




The contingency plan called for analysis of Individual hourly or
similar short period samples in case of herbicide spillage ot other unusual
circumstances. This option was not exercilsed and all samples were composited
uging 4 syringe.

All samples were refrigerated after collection, Selected drinking
water and other samples having relatively high levels of 2,4-D oxr 2,4,5-T
were archived and shipped to OEHL (Kelly AFB, Texas for latex TCDD
analygis,

The location of one of the onshore samplers was in the freshwater
systam equalization tanks lmmediately downstream from the desalination plant
and prior to chlorination (Figure 20}. A location upstream of the
chlorinator was chosen to mitigate any prior system contamination from HO
and to eliminate potential analytical interferences from molecular chlorine
or its derivatives. Samples were taken from a tap located at the bottom
of the equalization tanks., The total capacity of the tanks is 30,000 gallons
(113,550 liters) and the mean hydraullc residence time is 3 days(zz). The
outflow rate for sampling was approximately 1 gallon/min (3.81/min) which

was maintained continuously throughout the assessment.

The sewage samples were drawn from a sump near lift station 2
showns in Figure 22. Pump cycles for discharge of the sewage to the ocean
were approximately 5 minutes on followed by 15 minutes off during the dav,
Nighttime cycles were not observed, but werxe probably much less frequent
becauge of lower non-domestic discharges. The sampler head was submersed
about 2 to 3 feet depending on water level so that solids clogging was mini-
mized. Samples were time proportional (30 minute frequency) rather than
flow propoxtional. Small amounts of solids were found in the samples and
wetre mixed before compositing. Rainwater runoff into the manhole was
negligible.

Sediment sampling offshore of the M/V Vulcanus' berth was conducted
during the bageline, interim, and post-operational periods, Samples were
obtained by divers using scuba equipment(Plate 9). The same prewashed
1250cc amber glass bottles that were used for water samples were also used
for sediments,

Sampling locations were about 20 feet dirvectly off the wharf pump
area and 30 feet off of the northwest corner in 35~40 ft. of water

(Figure 20).

35C§/é?5 e



The supernatant water was decanted and the bottles recapped and

frozen until shipped to ORHL Kelly Air Force Base, Texas for archiving.

3.2.4 Biological Monitoring Protocol

3.2.4.1 Bioassay Methodologies

Young, potted tomato plants. Lycepersicon esculentium,25-38 cm

tall were used as a biomonitoring organism to detect the presence of

Orange Herbicide in the air, Tomato plants were used because of rcheir
reported sensitivity to HO damage in parts per trillion range(16). The injury
symptom typical of HO damage, known as epinastic growth, is described as

a curling and/or twisting of the apical portion of the plant.

Fourteen air biomonitoring sites or stations were selscted
on Johnston Island as shown on may in Figure 24, The tomato plants,
selacted for uniformity, were placed at each station, Of the fourteen
stations, four designated as DL-D4 were located dowmwind of the dedrumming
area while the remaining 10, designated as Ul-U10, were located upwind of
this area.

All tomato plants were examined once daily and symptoms of
epinastic growth were trecorded as being absent, slight, moderate, or
severe, Slight injury? as used herein, is the case where the epinastic
growth was limited to the leaf tips and blades. The degree of injury
where epinastic growth involved not only the leaf tips and blades but
also the leaf petloles, was designated as moderate. Severe injury was
characterized by epinastic growth involving the entire apical portion of

the plant,

* See Plates 16~19 for picturss documenting these concentrations.
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The tomatc plants were placed at the various statdons on Sunday,
July 24, and each station was photographed on each successive Saturday
through August 27, Tomato plants were also photographed whenever the
initial injury symptoms were noted. The plants at each station were changed
at least every 1-2 weeks depending on thelr physical conditions, Whenever
the plants at a station were changed a photographic record was made
both of the old plants and the new plants which were put in their place.

Because of the high intensity of solar radiatiom and the constant
wind, the tomato plamts exhibited a high level of evapotranspirational
demand. It was necessary to water the plants twice daily in order to
prevent desiccation, and even then wilting was noted occasionally., Four
weeks into the operation, the 4~inch plastic pots containing the tomato
plants were placed In l-gallon metal cans and foll was added to fill in
around the plastic pot., This procedure improved the water holding
characterigtics of the growth medium apd vesulted in relieving mwuch of
the moisture stress previously observed.

The wind, which came predominantly from the northeast at speeds
of as high as 20 knots, caused considerable physical injury when the tomato
plants were first placed at the stations. Thils problem was resolved by
placing a section of screenm covered with aluminum foil and/or plastic

material on the windward side of the plants.

3.2. 4'2 Bi.rds

Because of the large numbers of birds which inhabit the original
portion of Sand Island and its relative close proximity Lo the dedrumming

area, Sand Island was chosen as the primary site for monitoring the bird
population of Johmston Atoll.* A preoperational bird survey was made

* Sand Ysland is upwind from Johmson Island. Few birds were observed
on Johnson Island before, during or after operations.
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on Sand and Hikina Islands on Tuesday, July 26, Bird surveys were repeated
on Sand Island each Monday therecafter through August 22. A postoperational
survey was made of the bird populations on Akau, Hikina, and Sand Islands
on Saturday, August 27, Nec effort was made to evaluate the effect of
dedruomming and transfer operations upon the bird population of Johnston
Island because of the very small numbers involved.

The bird surveys included a weekly visual inspection of the birds
on Sand Island for possible abnormalities within behavior, distribution, or
dead birds.

3.2.4.3 Vegetation

Four areas, which are designated on Figure 24, were chosen for
visual examination on a weekly basis for symptoms of herbicide injury. The
initial vegetation survey was conducted on Wednesday, July 27 and was
conducted each Saturday thereafte; through August 27. The survey involved
the examination of individual plants and plant parts for symptoms of
epinastic growth., All species exawnined were also photographed to sexve as
a record,

3.2.5 Analytical Procedures

3.2.5.1 Pre-Departure Tasks

Analytical procedures have been developed and practiced for
peveral years for the irace determination of 2,4-dichlorophenoxyscetric
acid (2,4-) and 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) as their
methyvi and butyl esters.(23-31) These analytical procedures are based
‘on sample preparatory technlques common to pesticide analytical procedures.
Pesticlde analysis Lyplcally couslsis of a rather cowmplicated and precise
series of sequential tasks requiring a good deal of laboratory skill and
practice to generate reproducible results, Cunsequently, it was lmportant
to gain sound background information and experience regarding the detailed
procedures used for 2,4-b and 2,4,5~T analysie prior to proceeding with
routine sample preparation and analysis on Johnatron Island.
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Since recovery studies reported by other workers for 2,4~D and
2,4,3-T in the water sample preparation scheme was typically 50 percent or
less, it seemed Important to learn to perform this procedure as reproducibly
as possible to assure consilstent performance in the field., A series of
spiked distilled water gamples were carried through this rather involved
preparation scheme, As a regult, important sources of error and interfer-
ences were identified amd provisions were made to eliminate thegse problems.

Additionally, this 2 week pre-departure training allowed the
establishment of work schedules and formulation of a general plan for
sample preparation and analysis during the JI dedrum operation., The
chromosord and drum rinse sample preparation and analysis schemes were
similarly examined.

During the 2 week period prior to departure for JI we also
briefly examined the gas chromatographic instrumentation and procedures,

A hewlett-Packard Model 5833A gas chromatograph equipped with dual electron
captute detectors (ECD's) was chosen for use because of its accurate flow
control, reliable operation, and flexible “firmware" for dats acquisition

and manipulation. Attendance at a manufactuers' training seminar on the
maintenance and operation of this Instrumentation, allowed familiarization
with the effects of temperature, carrier gas flow rate, composition and purity,
and detector and column temperature on precision and accuracy. The formation
and determination of the 2~chlorcethyl esters as an improvement of the

water sample analysis scheme wag alsc examined., However, initial

attempts indicated this to be a source of many potentially interferring
electron capturing species, and this approach was abandoned.

As a result of several changes in the program schedule, ouy
departure preceded the shipment approximately 900 pounds of equipment
by one day and as a result, we were able to monitor the location of this
shipment along its route, This equipment consisted of the 2 lewlett-Packard
5833A gas chromatographs and a variety of general laboratory equipment.

Electron capture detection when uscd in gas chromatography is
an extremely sensitive and selective tool. However, because of its
sensitivity, it is very important to {1} vigorously eliminate any unwanted

electron capturing epecies in the samples, (2) use inert and frequently changed
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septa, and (3) maintain extremely pure carrier gas supply. As mentioned
above, the formation of the 2-chloroethyl esters of 2,4-D and 2,4,5-T

was examined as a means to increase sensitivicy and avoid the problems of
unwanted electron capturing species in the water sample extracts. This
procedure congisted of esterifying the acids with 5 ml of 2-chloroethanol/BFj
reagent at 60 ¢ for 30 minutes. The 2-chlorcethyl esters are more gensitive
to ECD and are retained longer than the methyl esters with consequently higher
operating temperatures. However, the lack of readily available high purity
2~chloroethanol forced a continuation of the BF3/MeOH esterification
procedure,

GC operating conditions were maintained at as high a temperature
as possible, and specially constructed column systems and vials were obtained
from Hewlett~Packard that were manufactured for high-~sensitivity GC~ECD
appiications, These septa were constructed of an experimental elastomer
which gave fewer electrop-capture active contaminants than the normally
supplied septa, Additionally it was recomwended by Hewlett-Packard persounel
that we use a Sopeleco carvier gas purifier Model 2-2315 as an effective
way to remove traces of Hj0 and 0y from the carrier gas supply.

The gas chromatographs and associated equipment were shipped by
commercial carxrier. However, because of its size and wedght, the shipment
was delayed several times before reaching its destination and was finally
transferred to a second carrier who completed the delivery, Despite these
manipulations, the equipment arrived intact and undamaged and was immediately

installed in the Pacer HO Lab Faecdlity.

3.2.5.2 Pacer HO Analytical Laboratory Description and Operation

The facilities available on Johnston Island for use as the Pacer
HO Analytical Laboratory were housed in two air-conditioned buildings located
north (upwind) of the wharf area and just east of the small-boat docks (see
Figurc). The Pacer HO Analytical Facility was established in five rooms
within these buildings one for each of the GG's, one for the drum rinse samplse,

one for the chromosorb and water sample preparation, and one room for cleanup
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of the glassware used in the water and chromosorb sample preparation. Because
of the risk of contamination of the water and chromosorb samples with the
highly concentrated drum rinse samples, the latter were analyzed in a

totally separate building.

The drum rinse sample preparation room and the GC used to analyze
only the drum rinse samples were housed in Building 130 which was downwind
of the water and chromosorb sample preparation facility (Building 120). Also
housed in Building 130 were all of the labovatories used by the sample
collection team. Although these facilitles were alr-conditioned, ventilation
in the laboratorlies was not adequate for the large volumes of henzene and
bighly concentrated drum rinse samples being processed here. Consequently,
an addirional portable hood was installed in the drum rinse praparation room
for all sample manipulations. The sink used for washing glassware was also
vented,

Similarly, the water and chromosorb sample preparation room and
the dishwashing room required additional ventilation to remove the coplous
golvent vapors resulting from these operations. One large lab bench was
fitted with an overhead blower-equipped vent which also served to draw off
ether and acetone fumes from the sink -in the glassware cleanup area in the
adjacent room. However, the hexane and ether fumes generated during certain
stages of the water and chromosorb sample preparation were not efficiently
removed by the ventilation gystem and the lab was occasionally evacuated
for this reason. Also, several minor modifications were made in the plumbing
and electrical systems for convenience in operating the equipment in the lab.
The water and chromosorb sawmple preparation area was a former roclket fuel
analytical lab equipped with a single hood and sink, a non-hooded sink,
ag well as bench space and several storage cabinets. The glassware cleanup
area was located in an adjacent room, with the GC used to anlayze these
sasmples in still a third room. A fourth room contained several cabinets
and refrigerators and was used for sample storage, while a fifth room was
equipped with several desks and was used as an office and clothes change area.

(See Plates 10, 11, and 12)

92 o)/ 7%




With this arrangement, the sample preparation area was separated
from the glassware cleanup, the GG, and sample storage with the objective
of eliminating sample contamination from the laboratory environment.

A list of the equipment and supplies furnished by the Alr Force
and used in the Pacer HO Analytical Lab is given in the appendix, This
list has been modified to indicate those items used in the laboratory and

and estimate is made of the quantities that were actually needed.

3.2.5.3 Pacer HO Laboratory Management and Operation

The samples that were analyzed in the Pacer HO Analytical Lab
included chromosorb, drum rinse and water samples from the land-based
monitoring and chromosorb, trace line rinse impinger, water and wipe samples
obtained from the ship, M/V Vulcanus. Prior to the first sample analysis,
several preparatory tasks were performed.

A series of standard solutions were prepared of 2,4~D and 2,4,5-T
methyl and butyl esters spanning the range of 1,5 ppb to 10 ppm. These
standards were prepared from two stock solutions of the 2,4~D and 2,4,5~T
methyl and butyl esters. The standard curve was obtained by analyzing
thege methyl and butyl esters by GC and plotting amount injected versus
the measured peak area. The slope of thig curve is amount/area or the
response factor for the peak of interest., The values obtained by the
graphical method were compared with those obtained by averaging the response
factors for each peak obtained. These response factors were susceptible
to change with time so they were monitored frequently by runming a standard
solution along with each set of samples. Additionally these data were
plotted as each of the response factors obtained versus the amount injected,
Typical plots of this type are given in Figure 25 and indicate the wide linear
range common to pulsed-frequency ECD. Also from these plots, the lower
Limit of quantitation can be assigned (see Table 5), With increasing
use of the instrument, both response and lower detectable limit changed due
to fouling of the detector, much of which was reversed by cleaning with
large injections of organic solvents followed by a thermal cleaning and rapid

purge.
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