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INTRODUCTION

In California, in the mid-1970's, the public and the legislature were
octncerned about the use of phenoxy herbicides in forests and rangelands and
their potential to harm human health mgo 'I:.;t:;e_“efnv:.mrent. tne of the two
principal periods of release spraying[@ccurs coincident{with the fall hunting

season. Attention was focused on the possibility of bloac;cumalatzm of ANS-T o

.l—s w\M"’g?. 3,7, &~Tetrachlorodibenzo-p-dioxin (TCID), Eﬂ.eh—eecurrzc-nd:mtg
WW deer tissué Because of

concern about spraying of phenoxy herbiczl.des during the deer season and
because of label restrictions prohibiting “slaughter of meat animals grazing
on treated areas within 2 weeks after application, the California Department
of Health, in October 1976, recammended against consumption of deer harvested
from sprayed areas within this time period. Thus, in 1976 and 1977,
Fepartments of Health and Fish and Game both opposed 2,4,5-T spraying on
forest lands during the deer‘}\"é‘eascn In July 1978, the Department of Health

reversed its position, ang boﬂm@hﬁ Departments withdrew their opposition to

f:res&tctmg phenoxy herbicide spraying éefese-crdurﬁ'ig‘ﬂﬁ feer ~seasonﬁ:,

In 1977-78, the California Departments of Food and Agriculture and Fish and
Game, in cooperation with the California Forest Protection Association and the
University of California, Davis, attempted to monitor release-spray projects
on private forest lands in northern California. Because of public opposition
to aerial application of phenoxy herbicides, restrictive regulations and
inclement weather, only 117 acres were sprayed in spring 1978, and monitoring
results were inconclusive.

The U.S. Forest Service, Pacific Southwest Region, joined J.n tlus cooperative
monitoring program in mrdu& 10‘?8, primarily to help resolve questims relaced

to gpraying during the deer, season

ok
¥ Du“ﬂﬁ\wﬂ Y dbe 3,v,5-U e Ten NUSI RN Yy li 4~¢1ﬂ-'--1-1 é. CC t-ih

A Because deer are both resid?i and migratoryna"-’heeuuse It is d:.ffn.cult 0w
determine whether deer e directly exposed to spraying M operat1ma1
conditions, when B:e 'howuﬁm they have used-the sprayed area, apd what

e %

portion of time feec'!:.ng at!d resting ceeuwse-em sprayed vs. adiacent unsprayed
areas:Ee cooperators mdertook to study a "worst case” situation -



@,

o PR " @‘“‘uww
COmETmirg 2aptive deerAwithin a fenced plmia}&'mﬁpmyi% sho-plantatsion
with 2,4,5-T ), and harvestder deer at intervals after
spraying. The cbjective was to study the behavior or fate of 2,4,5-T and its
cmtami.nant_ TCID in a forest environment aw"ep possibl%" ac::‘t:nﬁla&op -21954 .
these canpounds in tissuve of deer exposed
Thus, the Blodgett Forest Monitoring project was undertaken in August 1978,
with the California Departments of Food and Ariculture, the California
Department of Fish and Game, the University of California, Berkeley, the
University of California, Davis, the Whiversity of Nebraska, the EPA and the
U.S. Forest Service cooperating.
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PROCEDURES Lo
'\'wxb $) c\_ci"" K
SITE MANAGEMENT AP
AN
Aerial Herbicide Application g CE T
Eedv
A

' e
A Hiller 12E helicopter was used to apply herbicide to approximately 7 acres
of an ll-acre plantatimx_/_ the University of California Blodgett Fb:perimentab'
Forest near Georgetown Chlifornia-lm October 2, 1978, Tm= Moveee -0 &0 adims

[T BN e L-QSL»«J-L -y e e b ‘I‘ . brie

“Bsteron-245—{2:4;5=T); Proviass Ty Towm—Chemical; wae-oponed—and—a samples o

R

taken by the California Department of Food and Agriculture Environmental
Assessment Team.

D-2

The helicopter was equipped with Spraying Systems (. DB nozzles mounted on a

Coliboviise o detiwdm & apa 5

40-foot. boom. Ca-l-ibrat-ien—ef ;_he aircraft was acecmpiistEl-by-charging—the

'3 1011“5 rnl\"sclﬂ .,

.--..r:_»:\--o';\nm:r.".".*r.x:-':-'i'.mr_u;.-.-......_-_ The pilot made a
reconnaissance flight over the area, and spraying began at a_pproxmately 9:45
a.m. The herbicide was applied at—a-ra'be—oé—s-ganms—per—-aevo,—aﬁ-ﬁe area
wat—own twice to meet the desired application rate of 3 lbs. active
ingredient in 10 gallons of water per acre. The first application was made
with a north-south flight pattern, and the second and east-west pattemn.

Meteorological conditions at 9:45 a.m. were almost perfect for spraying. The
day was cloudless and sunny. The temperature at the time of spray application
was 68° F, and winds were less than 3 nph. Oonditions seaned very stable at

groud level.

MONITORING CF 2,4,5-T IN PLANT TISSUES, WATER, SOIL AND AIR.

( The study area, which was rectangular in shape and oriented along a

JYry

u-\a.
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4‘"p7> north-south axis, was subdivided into a sprayed (8 acres) section and an
L unsprayed {3 acres) section (Figure _ ), the south end of the area was not

sprayed because of the presence of a small intermittent spring., A water tank
was placed in the northeastern corner of the plantation {within the sprayed
area) for use by the deer. A 9-foot high woven wire fence was installed to

1 confine the deer to the area.

N\,@A- o
Sampling stations for all media were systematically located in a grid pattern y..icbw—

consisting of three rows of seven stations each, which was distributed across O

ek &
the entire plantation (Figure __ ). Stations were selected at randam as AT
required for sampling each of the medlia sampled. aweas,

Intensive monitoring was conducted during the 6-week period fram September 25,
1978 to November 2, 1978. Pre-application control samples were taken 1 week
before herbicide spraying. The control sample consisted of one high-volume
air sample fram the site using XAD-4 resin as the sample media, one sample
from each foliage sample station; one soil sample from each soil sample
station, and one water sample from the spring in the sputheast corner of the
site,

80il Sampling

Soil samples were taken fram four randamly selected sample stations (Figure
__ ). Collected samples include the prespray control sample and soil samples

taken O, 1, 3, 8, 15, 21, 31, and 227 days after spray:.ng. Thess Songdes vt
Gonin ey 22 br tMs T cuihea by

Foliage Sample

Ab tade Somgioy Qied,
A Teo samples were taken fram each of four foliage sampling stations (Figure

__)» The first sample was taken on the south side of the sample station at
about chest height. The second sample was teken on the north side of the
sanple station at about knee height. Only the foliage of deer brush
(Ceanothus integerrimus) was collected, with each sample consisting of a
oatbination of leaves and tender tips of twigs weighing about 20 grams.
Foliage samples were collected day 0, 1, 3, 8, 15, 21, 31, and 227 days after
Bpraying. These Semmplo wotes Soh Lo L Cor L, -T aaltea

| W Ljrﬁs’




An additional series of foliage samples wore taken using a l-inch diameter
leaf punch. These alsc were taken from the four established foliage sample
stations. Fach sample consisted of 200 l-inch leaf punches, and each site was
sanpled on post-application day 1, 2, 4, and 8. Only greenleaf manzanita
{Arcotostaphylos patula) was sampled with this technique because of the need

for a leaf large enough to cbtain a l-inch punch. T hesk Saegpbe vt sl 542

C.._«.r T DY H-s:éu-‘- ’9;) —- ——— .,
Air Sampling

Air samples were cbtained using both high and low volune air samplers. fThe
high volune samplers (Staplex Model TFIA)} were powered by portable gasoline
generators located downwind of the instruments. High volume samplers were
originally calibrated at 70 cubic feet per mijute (cfm) at the factary but
were 1ot recalibrated before each sampling period because of a lack of
calibration equipment and facilities. Air was drawn through 30 gram beds of
Ambberlite XAD-4 (polystyrene, divinylbenzene copolymer) macroreticular
polymer resin beeads (20/50 mesh Rohm and Haas, Philadelphia, PA) for two
hours. After the samples were drawn, the resin was transferred to clean glass
jars and placed on ice“brehests for transport to the laboratary. The XAD-4
resin used as the capture media was cleaned before use by washing the resin
beadsf with hydrochloric acid and water, then extracting with acetane in a
soxhlet for 8 hours and finally drying the beads overnight in an oven.

The most intensive air sampling occurred on the day of the herbicide
application. Three low volume air samplers were placed within the site along
with two high volume air samplers. Jhree Three, additional high volume air sa:rplers
were located at 1, 100 and 200 feetAof the site (Figure _ ). sample was

cbtained by operating a sampler for 2 hours. Sampling be:%:n with camenceament
[P e .

ﬁfo}erbxcz.de application,ard 3 second" egmpl,mg-m&ﬁaé—mﬂuin 18

min:t'es&of ﬂwejf;rs&perfod. - :

@‘, Soﬂdgvl-i- (/—-l-u-l (_.\;,Lh.n.'-té QT;MH SM L vl I,(.(_“Lul A‘\‘ &J{«k [
(u.«-‘qw\ ad 4,8, (5 2 T é»—u&r P o R -\--u-&u--L T gy e oprekid C....,-

BEHAVIOR AND DEER TISSUE SAMPLING &vo~ &3 An —?
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anr

(O3ocoileus hemionus columbianus), were cbtained’ for placu%ant within the l[ect? Pvho

oAy “fnstosure; tvo wild deer were collected by shooting for controls. A Palmer
cap-chur e\n with transmitter-equipped darts (wildlife materials, Carbondale,
Illincis) was used to capture three of the Eee—roaming deer; all others were
live-trapped or restrained by hand. Darts contained a mixture of 3.€ mg M-99
and 30 my Ropun with 150 IU hyaluronidase. These darts, when used with a 3cc
syringe, weighed about 30 grams and measured 16.4 car in length plus a 19 am
trailing wire antenna. Because of the size of the darts, their effective
range was restricted to a mayimum of 40 feet (Zeiner 1979).

Two free-roaming deer were captured with darts and one animal was trapped at
Growlersburg, less than 15 miles fram the deer enclosure at Elodgett Forest.
The remainder of the deer used in the pen study were captive animals cbtained
from the Placer Fcology Center, and Ridwell Park, Chico. One of the Chico
deer was darted and the second wes restrained by hand, the deer at the Ecology
Center were held in 6-foot by 15-foot cyclone fenced pens with concrete
floors. The Chico deer were in a 2~3 acre pen containing grass and shrubs.

All except cne of the deer put in the enclosure were weighed and all had a fat
biopsy taken for control. A fat bicpsy was cbtained from a small incision
made over the cranial aspect of the thigh in the area of the prefemcral lvmph
node. This area contains a large amount of readily accessible fat, easily
located and removed surgically in animals in good condition.”

The surgical site was clipped and shaved and prepared with two scriubs of
iocdinated scap (Betadine Surgical Serub), a rinse with 75 percent ethyl
alcohol and a paint of tamed icdine (Betadine Solution). A disposable drape
was placed cover the site and a 2-3 ince incision was made with a scalpel. The
prefemoral lymph node, surrounding fat and connective tissue were isoclated and
removed. Heat cautery on the vessels feeding the node was used and the
incision was closed with a continuous pattern of #1 Dexon suture. A snall gap
for drainage was left at the distal aspect of the incision and Foracin
antibacterial dressing was packed in the site at this point. Benzathine
Penicillin, Procaine Pennicillin and Streptomcycin were injected intra-

magcularly.



A radio collar was attached to each deer to assist in locating the animal in
the enclosure. After being released in the enclosure, the deer were located
at least once each week to establish if they were alive and well and to
determine what plant species were being eaten and vhat areas of the enclosure
were utilized. Observations were intensified before and after herbicide
application, with the deer being located the day before, during, immediately
after, and the day after application.

Deer Tissue Collection

Three deer were collected by shooting 48 hours after spraying. One of these
deer had been in the enclosure 21 days, while the other two had only 13 days
to became acclimated to the enclosure. Two of the deer taken at this time
were wild deer and the other was frarn the Placer Ecology Center. To minimize
the possibility of contamination from the enclosure enviromment, the deer were
transported fram the enclosure to the Blodgett headquarters where they were
weighed, hung and skinned by a person who had not been on the spray site. A
second perfeon who wore rubber surgical gloves and who had not been in contact
with the outside of the deer took samples of lung, liver, muscle, kidney,
feces, rumen content, thyreoid, blocd and urine (vhen available) and placed
them in prelabeled bottles for 2,4,5-T and TCID analysis. The samples were
then frozen. The middle incisor of each deer was remowved for age
determination.

Gt
Theldeer collecticon, tissue sampling and handling process was repeated 2 weeks
after spraying. The wild deer taken in this collection had fbeen in the
enclosure for 35 days; the other two deer cbtained fram Bidwell Parkfkm the
enclosure for 20 days before this collection. The final collection was made 4
weeks after spraying. These animals were all from the Placer Fcology Center

and had been in the enclosure for 39 days before removal.
\vw /M additional deer were collected by shooting fram areas ek nown to have vu:'\-
been sprayed with 2,4,5-T7. Tissues fram these deer were used for standards,
\Bplke amnples and blank samples for the analyses.

2,4,5-T ARALYSIS IN LEER AND PLANT TISSUE
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. ,‘:2, oty
Tissue samples were received frozen and stored at ~10°¢{ the samples (2-10 g)
were thawed, hamogenized with a Virtis Homogenizer, and a 2.0 g (+ 0.05 g)
subsample was placed in a disposable pyrex tube (1 an x 10 an). Methanolic
potassiun hydroxide (5 ml of a 0.1% solution) was added, the contents vortex
mixed for 5 minutes, centrifuged, and the extract removed with a pipette. The
tissues were again blended with 5 ml of methanolic potassium hydrxide, the
oarbined extracts transferred to a 125 ml separatory funnel. After the
addition of 50 ml of hexane-rinsed water, the mixture was adjusted \:?{H 10,7 / /
rinsed with two 10 ml portions of diethyl ether (Jdiscarded), adjusted to pH 2
with sulfuric acid and then extracted with two 10 ml portions of diethyl
ether. The pooled extracts were concentrated in a round-bottamed flask under
vacuum with a rotary evaporator at 35°C. Pthereal diazamethane (prepared from
Diazald according to the manufacturer's instructions, Aldrich) was added and
the flasks were left at roam temperature for about 30 minutes. The contents
were transferred with hexane rinses to a graduated test tube, adjusted to the
appropriate volume and analyzed by electron-capture gas-liquid chromatography
using a MicroTek MT-220 instrument equipped with a 1.4 m x 2 mm (id) glass
cloumn containing 1.5% OV-17/1.95% (F-1 on Gas Chram © under the following
conditions: colunn, injector and detector temperatures were 140°C, 220°C ang
290°¢, respectively; the carrier gas (nitrogen) was held at about 30 ml/min.

~

bl Smrple peak heights in the 50-200 pg range were campared with those of an
- authentic 2,4,5-T standard {Iow) methylated under identical corditions. (ne

L-.,f-" 2 ‘sanple set (Seer 3) was also analyzed with a 3 percent OV-225 column to

-

>‘)' ;,:,x (\ cenfirm the correct identification of 2,4,5-T residues.

The validity of the analytical method was checked by spiking the control deer
subsamples at 1.0 ppm. Results of this study confirmed the lack of
interference at the 0.1 pom level (all control samples were blank) and the
validity of the method. After all the samples had been analyzed, a recovery
study whereby each crgan was spiked at the average level found for that crgan
was conducted. Since the average recovery exceeded B0 percent, the levels of
2.4,5T found in the treated samples were not corrected (Table 2).

Statistical Methods




An analysis of variance (ANOVA) was performed on the data to evaluate the
effects of the two factors, time arnd body part on concentration. IDuncan's
pair-wise comparison procedure was used to test for differences among
treatments. When necesgsary, simple averages of available data were used to
estimate missing wits in order to camplete the analysis of variance., Only
one of the control deer was used for the 2,4,5-T analysis, and for this
reason, the control was not included in the statistical treatment because of
the two missing values fram the first collection.

ANALYSIS CF TCLD IN [EER AND PLANT TISSUES

Sample Preparation and Custody o

| e

The various deer tissue samples and controls were digested in base, extracted
with hexane, washed with sulfuric acid and sulmitted to =mmall scale liquid
chramatography ( "acid-base” work-up) by Dr. Aubry Dupuy and his coworkers at
the Pesticide Monitoring laboratory, USEPA, in Bay St, Louis, Mississippi.
Split samples of the extracts along with any controls were coded without
regard to origin ard shipped frozen in dry ice to the University of Nebrasks.
Upcn reception, the samples were stored in a freezer umtil they were analyzed.,
Alyiarfived in perfect condition.

Various smrples(;;/fwvashings of six Mylar panels and five leaf samples, which
were collected after herbicide application at Boldgett Forest, were passed
through a silica gel colunn and concentrated by Dr. Anthony S. Wong of
California Analytical laboratories.

Duplicate samples of extracts were retained in cold storage at the EFA
Pesticide Monitoring laboratory in Mississippi for analysis by an independent
laboratory. Subsequently, a subset of these extracts were forwarded to the
EPA laboratory at Research Park Triangle, North Carolina, for analysis.
Excess tissue samples were retained in cold storage at the EFA laboratory in
Mississippi.

Analysis of TCDD (University of Nebraska)




At the time of analysis, each sample tube provided by Dr. Dupuy was opened,
the total volume measurad using a 100ul syringe, and an aliguot removed
{usually between 20 and 35% of the total sample) for gas chramatography/high
rebolution mass spectometry (GC/HRMS). 'Ihe Mylar Panel and Jeaf washing were
analyzed by simply removing an aliquot nad injecting onto the GS/HRMS.

Each of the extracts was analyzed for tetrachlorodibenzo-p-dioxin (TCDD) using
(GC/HRMS). The GC was a Perkin Elmer Sigma II and the mass spectrameter was a
Kratos MS5-50. The interface consisted of a single glass lined capillary tube
followed by a capiliary leak directlerhi;nto the mass spectrameter source. The
source region was pumped with a 1300 3/sec diffusion pump and, thus, no
molecular separator was employed. Typical source pressures were about

1 x 507> torr at the ion gauge located cn the 6" pump tube.

The gas chramatographic column (180 om x 2mn ID. glass) contained 0.60%

OV-17 + 0.40% Poly 5-179 coated on 100% methyl silicone bonded to 80/100 mesh
Chranosorb W~AW, ard was operated with a helium flow rate of 15 ml/min. The
temperature was held at 250° C for 1.5 min and then increased linearly to
300°C at a rate of 10°C/min: the retention time of authentic TCDD was 3.3 min.
The entire effluent from the gas chramatographic column was admitted to the
mass spectraneter icn source and ionized using 70eV electrons. The source
temperature was 250°C, the accelerating voltage 8kV, and the mass spectral
resolution was 10,000 (10% valley definition). TCDD was quantitated by dual
ion monitoring using peak matching. Cne channel was centered at m/z 327.8848
(37 14-JI\ZDD the internal standard) and the other at m/z. 321.8936 (the most
abundant molecular ion of TCID having natural isotopic elemental abimdances).
The complete peak profiles were acquired by scanning at a frequency of 2Hz,
corresponding in each case to a mass range of 300 ppm (0.096 amu). The output
was accumulated using a Nicolet Model 1170 signal averager and the resulting
signals were sulmitted to a 3-point smcothing routine prior to cutput to an
X~Y recorder.

The concentration of TCID was calculated using the ratio of the intensities
(maximum peak heights) at m/z 327.8848 and 321.8936; if no signal was
observed, the detection limit was set at 2.5 times the noise amplitude {a
2.5:1 S/N criterion). ‘The calculation is made possible by cbtaining the slope



of a emlibration plot hased on various standard mixtures of TCDD and
m—37c14 These standard mixtures were interspersed between unknowns and

were analyzed in the same manner. The value of the slope was 1.5 + 0.1.

Positives were validated by analyzirg a secord aliquot, this time monitoring
319.8966 (TCDD-"C1,) and 321.8936 (TCID-"-C1,°'C1). The thecretical ratio
for the intensities of these two ions is 0.77. Uncertainty in this
measurement is + 10% relative. Those "positives" giving a ratio less than
0.60 were not considered as validated, and, therefore, they were judged to be
"negatives.” The validation also presented the opportunity to cuantitate the
. - "ampunt of TCDD in each "positive” sample. This was done using absolute mass
" spectrometer response factors determined by injection of known amounts of TCDD
v.\'“c‘ \M}'{K {native) and measurament of peak heights at m/z 321.8936. Because most
recoveries are not 100 percent, the concentration of TCID determined in this
absolute manner will be too low, and it was corrected by dividing the
concentration by the recovery expressed as a fraction. The agreement between

the concentration determined by this method and by the ratio method is usually
_good.,

ELR
o J‘_.n

M :f V’\“'Ihe concentration of TCID in the Mylar and leaf washing was determined only by
M - _,c:‘:, this method as no standard TCDD-'CL, had been added to the solution. Thus
\3, 3y the internal standard method was not applicable.
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he—BR 5 « The coded samples
The identities of the samples were REt A o
til after we_had_completed-ow analyses and data interpretation «w<:

ﬁ(January 9, 1981). “The results, cbtained using our standard methods of
( extraction and analysis, are reported in Table 3. Thiy Qi bt ead den
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¥ Validation of IN-L Analyses. To validate their initial results, the
University of Nebraska reanalyzed a subset of deer tissue sample extracts,
which were selected by the Forest Service. In addition, splits of a subset of
the extracts analyzed by UN-L were now submitted to Robert Harless at the EPA
Research Triangle Park Laboratory for analysis using his standard method of
capillary colunn GC/high resolution mass spectrometry (Harless, 1980). In



s
all, IN-L reanalyzed three deer fat sample from deer Nos, 1, 10 and 11 and
five quality control extracts.

RESPONSE OF PLANT AND SMALL ANIMAL COMMINITIES

The experimental design involved sampling three untreated and five treated
plots in September 1978, before spraying, and again in June, July and August
1979 after spraying. Each plot was a 0.28 ha circular piot (radius 30 meters)
with 40 circula subplots or elements (1.8 m radius) d:.stributeﬂ at intervals
of 5 meters in a systematic, radial pattern along eight truhsects fram the
plot center (Figure 1). These elements or subplots were used to sample small
mammals, animal signs, and vegetation structure and species camposition.

Vegetation Structure and Camposition

Vegetation structure and species composition were measured on the 20
even-nurbered elements. Species or plant groups were identified and
measurements of vegetation, height and percent cover were taken. These data
were used to calculate frequency of occurrence and mean percent cover.
(bservations on the utilization of browse species by deer dnd cattle were made
using standard procedures described in FSH 2209.21, R-5, Rarge Envirormental
Analysis Randbook.

Small Mammal

One Sherman live trap was placed in each of the 40 elements in each sampling
grid. Traps were baited with peanut butter and rolled oats and set for three
consecutive nights during each sampling period. Captured animals were marked
by notching one ear, and released. Capture per unit effort was calculated
based an 120 trap-nights. Animal sign such as male hills and trails were
recorded to indicate the presence of certain species. A circular tracking
plot (0.8 m radius) also was cleared within 15 to 30 meters from the plot
center. These plots were checked every other day for 6 days before or after
each trapping period.

Birds



Monitoring was not initiated early enough in 1978 to adequately sample birds
ard herpts fauna before treatment. Visual and acoustic detections of birds
present within 10, 20, and 30 meters of the plot center were made during each
of twenty, 10-minute pericds, beginning one half hour after official sunrise.
Only different individumls were recorded within a 10-minute period. Birds
were sampled in June, July and August 1981 after spraying. Birds were not

sampled in sprayed areas before spraying.

Reptile and Amphibian

Reptiles and anphidians were sampled by installing one 5-gallon, plastic
bucket cn each plot for pitfall traps. Traps were checked daily for 12 days
after completion of each trapping period in June, July and August 1979.

Spray Deposit Sampling

Spray deposit sampling was performed to provide data on the quality of spray
application and deposit of spray in terms of size and number of drops and

volume deposited on the ground. Sampling was accamplished by use of a special
paper (M Premiun Nrtomatic 209 Caopy Type 658, white, measuring 8" x 10"),
which detect,s the presence of spray droplets. e e T
Lot s STt § - " /

The established grid was followed to locate three sampl
oriented across the long axis (N-S8) of the spray area; line C was located
nejar the spray boundary adjacent to the unsprayed area. An additional
sampling line (D), which extended diagonally through the soutth or untreated
portion of the study area, was established to monitor spray deposit outside
the sprayed area. Additional samplers were also placed at 100-foot intervals
arowrd the fenced perimeter of the entire study area to monitor the amount of
2,4,5-T that was deposited outside the spray boundary. These lines were
designated E (east), S (south), W (west), and N (north). All samplers were
placed away fram shrubs and elevated above low vegetation, which would have
chielded the samplers. ‘They were also elevated to avoid ground moisture.



Depogit samplers were placed in position the morning of spraying. After
spraying, the cards were allowed to remain in full sun for approximately 2 1/2
hous to permit t.he stains to ”develq:" on the vhite paper. The spray deposit

s aatly

samplers were,\assessed Yy usé 2£ a hand-held 7x measuring magnifier.



RESULTS AND DISCUSSION

SITE MANAGEMENT

Spray Deposit Assessment

Examination of spray deposit samplers showed that the spray application wes
contained within the spray bleck boudaries. Spray deposition on the boundary
samplers fram lines N, E, S, and W were, with only a few exceptions, light/m:
negative,

Results of the spray deposit assessment for lines A, B, and C are shown in
Table 1. There were too few positive samples from the other sampling lines
(D, N, E, §, and W) to provide sumary data. Irop size data appeared

— T

consistent with results from other herbicide spray projects.. .Eé_volune
,/r#t;wered form the samplers was lower than expected but may reflect the small :
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Sixty~six visual cbservations of ind.widual Geer were made in the enclosure ot 'Ti plo-
during the study; 25 before spraying, 9 immediately after spraying when all T
but 2 deer were in the unsprayed area after fleeing fram the helicopter. an

[ T L

additional ag f?ﬁ?t}%ﬁ L?,ﬁ Lm:re datys after the spraying. Before
spraying, 164 percent of the “hservitions of deer were)in the side that was
sprayed comparad with 66 percent after the application. The presence of
2,4,5-T apparently did not deter the deer fram using the area, since the
diur::)al distribution cbserved was the same before and after spraying. Deer
were cbserved feeding in both sides, although no atteampt was made to measure
feeding behavior because of the disturbance associated with the interrmuptive

effect of locating the deer. bservations of feeding deer suggested that Pain " b

. e e

preferences of the captive deer changed from _E‘adm-tachng ml.n'ej
apparently indiscriminate browsing, which was cbserved when the deer were

first ot in the mclosure, to selective feeding on preferred deer food
(deer brush amd snow brush) as they becane acclimated.
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With the exception of the control Qdeer, 2,4,5-% was detected in all animals
sacrajificed over the 4-week period (Table 3). Analysis of variance indicated
that time of sampling was not related to the detection of 2,4,5-T in tissues
{Table 4). Different tissues contained significantly different levels of
2,4,5-T. The rensignificant interaction term between time and tissue
indicated that the concentration of 2,4,5-T in the deer tissues did not change
with the time of collection after herbicide application. The coefficient of
variation was extramely high, but this was anticipated because of the
uncontrolled variation in the condition, age and health of the deer and the
fmmall nunber of animals used.

The stamach had significantly higher amount of 2,4,5-T than all other bedy

parts (Table 5). The amounts of 2,4,5-T fourd in the feces amd kidney were

not gifferent fram each other but were higher than those of the liver, blood,

lung, thyroid and muscle. There were no significant differences in the amount

of 2,4,5-T in the latter tissues, however. Significantly, samnples of stamach

contents, feces, urine and kidney contained statistically higher levels of

2,4,5-T, which were an order of magnitude greater than the levels in other

sampled tissvwes, Similar results were reported by Newton and Norris (1968)

for blacktail deer and by leng (1977) for calves. Muscle tissue, normally

considered the most edible portion of wild deer, contained the least amount of

2,4,5-7 detectad (31 ppb). Ca— o % O f{i;‘:: T R v
" CRnan A e Qoo Th obe dsar bl wetedubebn ety
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\r} " The absence of definitive luman toxicity data for 2,4,5-T does not permit a
\Eh > lprecise estimate of potentially hazardous concentrations in animal tissues.
!,.r"“)’ x'lhelevelsof245—'rthatwe£omd.especiallyﬂ'oseforﬂaeediblepr_icns
>SS |of the deer, are extremely low, however, and are not expected to be hazardous
,,; r,,;’“' " |to tuman healtn.
9/9‘;.3 o0 AP e
R " w,.;’” The study design exposed the confined deer to greater amoumts of 2,4,5-T than
gv‘a’: v“’” would normally cccur in the wild. TFor example, the circular livestock
.r'a:*m "o watering tank placed in the enclosure was located in the sprayed area. No
s fi x“::/att.arpt was made to cover the tank during the application of 2,4,5-T or to
bt W “ J,nf’ . " replace 1-.he contaminated water with clean water after spraying.
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fran either the tank or spring. Despite the high level of exposure to 2,4,57,
only minute amounts were found in muscle tissue. Most of the 2,4,5+T was
found in the disgestive and wrinary tracts fraom which it was being eliminated.

The deer were in poor to very poor condition when placed in the enclosure,
&xcept for the two deer fram Chico that were in good condition. Because of
the lack of body fat and our inability to cbtain the quantity of fat needed
for analyses (10 g) fram any of the enclosure deer, the biopsy procedure to
provide pre-spray samples was unsuccessful. Also, the biopsy operaticn is
believed to have caused the weight loss cbserved the first two groups of deer
collected (Table 1). Two of the three deer in the last collection had
returned to their criginal weight.

All of the deer taken during the first two oollections had varying amounts of
lymph edema in the vicinity of the biopsy incision. Two deer had encugh 1ymp .
edema to cause visible swellings. Iymph edema was not present around the
biopsy site of deer in the last collection.

MCNITORING CF 2,4,5-T IN PLANT TISSUES, WATER, SOIL AND AIR

Foliage Samples

No TCID was detected in any fol:.age samples of Arctostaphylos sp. o A
Wne X ofy — 0

All samples of Ceanothus foliage collected from the area of applicaticn were
contaminated with 2,4,5-T on all sampling dates (Table __ ). The detected
levels of the herbicide 2,4,5-T 31 days after treatment represent a 98 percent
reduction in the ester form, whereas the levels of the acid form present
represent an approximate 61 percenmt loss. The 2,4,5-T levels on vegetation
fram the unsprayad section of the plantation were extremely low and virtually

disappeared after 8 days (Table 1).

The Ceancthus sp. foliagé samples from within the sprayed area contained
significant levels of 2,4,5-T but no detectable TCDD throughout the l-month
post-application sampling pericd. Because Ceanothus sp. is a preferred food
plant for deer and because the gtudy animals were cbserved foraging on

Mo é'.k -



Ceanothug within the sprayed area it can be assumed that the deer enclosed
within the plantation ingested a significant amount of 2,4,5-T herbicide.
Samples taken from the untreated end of the site show drift residues of
2,4,5-T that did not exceed 0.5 ppm. These sample stations were 65 feet
(station 15) and 171 feet (station 16) from the nearest border of the treated
porticn of the site (Table 1).

Water Samples

Samples fram the water tank showed the ester BSr of 2,451 only during the
first two pericds of post-application sampling (Table _ ). A sharp drop form
the high value of 364 prb ester to a level below detection limits ccourred
between 1 and 3 days after treatment. This decrease in the ester form of the
herbicide occurred concurrently with an increase from 85 ppb to 249 ppb in the
acid form. The acid was detected at high levels in the tank throughout the
study period,

The high level of the ester form detected in the water tank samples on the
date of application ard following day seem reasonable considering the direct
input of herbicide to the water., ‘The sharp drop in ester levels and
" > _concurrent rise in acid form levels may be accounted for through the metabloic
o AL \&ctim of microorganisms. Because the tank provided a stagnant source of

Ay
B! :

-y water a rapid growth in the populaticn of microorganisms would be expected.

e No ester form of the herbicide was detected in samples taken from the spring
within the untreated portion of the area. Iow levels of the acid form were
detected in samples of spring water collected an the day of treatment and the
following day. MNo herbicide was detected in the other samples.

The detected levels of herbicide fram the spring in the untreated area were
very low, indicating little contaminaticon of this water source. Except for
the 1.0 prb acid form of the herbicide detected on the application date ard
the 0.3 ppb acid form on the next day, no other post-application sample
produced detectable levels.

Soil Samples




No detectable levels of either ester or acid@ forms of 2,4,5-T were detected at
the two sampling stations located within the untreated area (Table 3).

Detectable levels of both forms of the herbicide were recorded on all sampling
dates at ocne or both stations within the treated area. Although no acid form
was detected in samples taken 15 days after herbicide application.

Rerbicide levels were detected in scil samples taken within the sprayed area
during all sampling periods within 1 menth after application. Ievels of the
ester form remained in the upper soil layer throughout the post-application
pericd, with no indication of conwersion to the acid form, except for samples
taken 1 month after spraying at stations 8 and 11. Herbicide levels of the
ester form decreased with time, however. L.'_::__v;_r___w__"‘:__

Altihough detectable levels of herbicide were fourd in air and foliage samples
from the untreated area, the 90il samples frum the same sampling stations did
not produce detectzble levels throughout the study period.

Air Samples

D.lfing the post-application air monitoring, widely separated morning and
afterncen levels of 2,4,5-T ester were detected on all sampling dates, except
in samples cbtained 16 and 32 days after spraying (Table 5).

A gradient of decreasing amounts of 2,4,5-T ester was monitored at 1, 100, and
200 feet downwind of the sprayed area, and a total of 43 ug of material was
collected just upwind at station 15 (Table 4). Similar results were cbtained
during an additional monitoring period fram 1200 to 1400 in the afternoon
despite no further aerial application. Iow volume samplers were alsoc used at
stations 5 and 11 and produced detectable levels of 2,4,5-T. The high volume
sampler at station 1l within the sprayed area did not produce the expected
high levels of 2,4,5-T (Table 5).

Puring the post-application air monitoring, widely separated morning and
aftermocn levels of 2,4,5-T ester were detected sampling pericds in all but
the {17 October 1978) sampling date (Table S). Afterncon levels 16 days after



spraying of 2,4,5-T ester were consistently high, with one exception, than the
mornings. Herbicide levels in samples generally decreased ower time wntil no
herbicide was detected in samples one month after treatment.

The discrepancy hetween high wolume and low volume sampler results at station
11 on the morning of the application cannot be explained. A value of only 3
ug 2,4,5-T ester was detected an the high volume sampler versus a 115 ug level
from the low volune sampler located at the same site. The herbicide had been
applied directly overhead and the high volume sampler with a flow rate of
arout 70 cubic feet per minute should have contained a large amount of
2,4,5~T. Without data on herbicide recovery efficiency from the sorbent, anmd
instrument calibration, it would be inappropriate to use the air monitoring
samples cbtained with the high volume samplers as accurate estimates of the
levels of 2,4,5-T present. However, they can be used as indicators of
relative changes in levels of 2,4,5-T ester over time.

The results show that significant levels of herbicide drifted at least 200
feet downwind of the sprayed area during the morning hours after herbicide
application.

During the post-application period, the herbicide was detected in decreasing
amounts at station 1) over time. After 1 month, no herbicide was detected in
the air during either morning or afternoon samples.,

In sumary, the 2,4,5-T ester application produced appreciable levels of the
ester over the exposed surfaces in the treated area. Foliage, soil, and water
fran the tank all contained detectable levels of the ester on the day of
application. With the exception of the acid form in the tank, herbicide
levels in the other substrates decreased with time. The 2,4,5-T ester
conversion to acid was aly documented in s0il and in water from the tank.

Both foliage samples in the untreated area and downwind drift levels off the
application site did not produce appreciable residues with an extended
residence time. Only substrates within the application area appeared to
retain significant levels of herbicide.



Table ). levels of 2,4,5-T on Ceancthus sp. Foliage, Blodgett Forest 1978.

Sampling Time of Sampling 2,4,5-T

Station Iocation (Days after Spraying) Ester (ppn)l Acid (ppm)

5 Sprayed area 0? 105.60° 10.90%
1 105.61 11.20

3 79.30 2.00

8 46.35 4.10

15 5.80 3.45

21 2.50 1.35

3 2.40 4.35

8 menths 0.00 0.62

6a  Sprayel area 0 158.50 19.35
1 179.30 12.50

3 100.90 8.10

8 55.82 4.00

15 6.90 5.00

21 3.10 2.20

3 3.10 7.20

8 months 0.00 1.20

15 Unsprayed area 0 0.45 0.20
1 0.07 0.00

3 0.03 0.03

8 0.00 0.01

15 0.00 0.00

21 : 0.00 0.04

31 0.00 0.00

8 months 0.00 0.00



16 Unsprayed area

W w = O

15
21
31
8 months

0.05
0.04
0.17

0.00

0.00
0.00
0.00
0.00

0.0l
0.01
0.05
0.0l
0.0

0.00
0.00

1

2Day of application (Octcber 2, 1978).

Parts per million calculated on a weight per weight basis.

3Mean of two samples analyzed with an instrument sensitivity of .04 ppm

2,4,5-T ester.

4Mean of two samples analyzead with an instrument sensitivity of .0l ppm

2,4,5-T acid.

Svay 18, 1979.
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Table 2. Post-application levels of 2,4,5-T in Water Samples fram Rleodgett
Forest.

Sampling Time of Sampling 2,4,5-T

Station location (Days after Spraying) Ester (ppb)ll Acid (ppb)

Water  Sprayed area 0® 26.0° 10.0%
Tank 1 364.0 85.0
3 0.0 249.0

8 0.0 185.1

15 0.0 128.9

21 0.0 156.2

3N 0.0 132.7°

8 months 0.0 2.2

Spring Unsprayed area 0 0.0 1.0
1 0.0 0.3

3 0.0 0.0

8 0.0 0.0

15 0.0 0.0

21 0.0 0.0
N 0.0 0.0°

8 months 0.0 0.0

J'Parl-.s per million calculated on a weight per volume basis.

2ppplication date, October 2, 1978 (0950 - 1020 PST).

3petection limit = 1.3 prb.



4petection limit = 0.3 ppb.
sbban of three samples, all others are single sample values.

Sy 18, 1979.



Table 3. levels of 2,4,5-T in Soil Samples fram Blodgett Forest.

Station location Time of Sampling 2,4,5-T

{Days after Spraying) Ester (1:1:«“):l Acid (prm)

8 Sprayed area 0 9.202 0.0{323
11 Sprayed area (10-2-78) 0.70 0.00
le Unsprayad area 0.00 0.00
19 Unsprayed area : 0.00 0.00

8 1 8.80 0.02
11 2,10 0.00
16 0.00 0.00
19 0.00 0.00
8 3 1.60 0.02
11 €.70 0.10
16 0.00 0.00
19 0.00 0.00
8 8 1.80 0.07
11 1.20 0.00
16 0.00 0.00
19 0.00 0.00
8 15 1.10 0.00
11 0.74 0.00
16 0.00 0.00
19 0.00 0.00
8 21 1.70 0.04

11 0.48 0.00



16 0.00 0.00
10 0.00 0.00
8 2 0.00 1.10
11 0.37 1.90
16 0.00 0.00
19 0.00 0.00

g 8 months 0.00 0.00

10 (5-18-79) 0.00 0.00
19 0.00 0.00

1

2Detecf_ion level = .04 ppm

3Detectim level = .0l prm.

Parts per million calculated on a weight per volume basis.



Table 4. levels of 2,4,5-T BEster from Air Samplers at Blodgett Forest on Day
of Herbicide Application (10-2-78).

Station No.  Distancel Time Sampler Type
(£t.) (PST) Hivol® Lovol®
(vg) (vg)
5 0 100-1200 Not Sampled 71
11 0 3t 115
3 1 254 Not Sampled
4 100 122 "
6b 200 10 "
15 (upwind) 43 "
5 0 1200-1400  Not Sampled 2
11 ) 163 Not Sampled
3 1 294 "
4 100 143 "
6b 200 33 "
15 (upwind) 0 "

1Dd.stance downwind of application site.

2H:lgh Volune Air Sampler.

3I.cw Voluneé Air Sampler.

45 Getection limit of 2 ug was documented for the 2,4,5-T ester analysis.



Table 5. Levels of 2,4,5~T BEster in Fost-Application Air Monitoring at
Station 11 within the Sprayed Area at Rlodgett Forest.

Sampling Time 2,4,5-T Ester

Days after Spring -« Iour (PST)

1 1000-1200 (application period) al
1200-1400 163
2 0700-0900 28
1200-1330 161
4 0650-0850 8
1200-1400 42
9 0700-0900 3
1200-1400 7
16 0700-0900 4
1200-1400 4
22  0700-0900 0
1200-1400 13
32 0700-0900 0
1200-1400 0

IDetectionlimittzug.



ANALYSIS CF TCID IN DEER AND PLANT TISSUES
TCID Analysis
1. Control Samples

Dr. Harless at the EPA Research Triangle Park Iaboratory (RTP) reported TCDD
in ad.ose and liver tissue fram one control deer ard in adipose tissue from
the % control (Table 1). However, Ir. Gross at the University of
Nebraska (i) classified one of these samples as a "possible positive" and two
as "analytical discrepancies" (DFS-26 and DFS027). Dx. Gross detected no TCID
in two portions of DFS-27, which he reextracted and analyzed (Table 3). He,
therefore, concluded that DFS-27 was a “false positive.” He further concluded
that none of the control samples contained TCDD.

It should he noted that the levels that were found in these samples were very
low ard close to the detection limit.

Dr. Gross did not detect TCID in deer liver fram animal No. 1 (UN 229), after
reextraction ard reanalysis (Table 3). He cbserved no hint of a signal in the
analysis (this was the only control reexazmined). This was in accord with his
first analysis.,

-

\He tentatively concluded, therefore, that the detection at RTP was a "false :

Ll-:ositive M

2. Deer Remowved after 48 Hours

RTP reported TCID in adipose tissue (DFS-21) and liver tissue (DFS-40) fram
deer No. 8 (Table 1). Dr. Gross considered that DFS-2) was a "possible
positive," as was his first analysis of adipose tissue from this deer (FS-19).
He initially classified [¥S-40 as an "analytical discrepancy.” But after
finding TCID in one liver tissue sample (UN 228) from deer No. 8, after
reextraction and analysis (Table 3), he changed his original assigrment from
“analytical discrepancy" to "possible positive," this was the only sample from
this group that was reexamined, and the cnly cne from the group that Dr. Gross



considered positive. Again, the detections are at a very low level.
3. Deer Ramoved after Two Weeks of Exposure

TRP and Ut both found TCID in ane sample of muscle tissue (DFS-11, FS—4) at a
level between 1.6 and 12 parts per trillion (Teble 1). TRP also reported TCDD
in three samples of adipose tissue (DFS-25, [¥S-16, and DFS-17), albeit at
levels below 5 parts per trillion. However, after reextraction and reanalysis
of portions of the samples corresponding to DFS-16 and DFS-17, Dr. GRoss
considered that [IFS-16 (and IFS-25) were "possible positive" and that IFS-17
was an “"analytical discrepancy.” In both cases (UN 225 and UN 230) (Table 3),
the extracts were found to contain no TCDD at detection limits of 3 and 4
parts per trillion, in accord with the criginal assigrments made at the
University of Nebraska. Thus, Dr. Gross concluded that the detection of 7
parts per trillion (DFS-17) reported by TRP was a "false positive.”

4. Deer Removed after Four Weeks of Exposure

TRP ard TN both found TCID in muscle, adipose and liver tissue samples from
Anima) No. 6 at levels that ranged from 2.5 to 24 parts per trillion:; TRP

" reported TCIO in adipose tissue (DFS-20) of Animal No. 9; and TRP and UN found
TCDD in muscle and liver tissve of Animal No. 10; UN also reported TCDD in
adipose tissue of this animal (Table l}. However, Dr. Gross classified levels
of TCDD in adipose tissues of deer No. 9 (DFS-20) and deer No. 10 (FS-34) and
in liver tissue of deer No. 9 (FS-34) as "possible positives.” After
reextraction and reanalysis of two additional fractions of the adipose tissue
sample corresponding to FS-24 (DFS-18), UN-1, detected TCID in each analysis at
3 and 2 parts per trillion, with detection limits of 3 and ) parts per
trillion, respectively (Table 3). These cbservations support Ir. Gross'
assigrments at “"possible positives.” Results of reextraction and reanalysis
by IN-L. of adipose tissue (UN 226, Table 3) fram deer No. 9 showed no
detectable TCDD, althouwgh Dxr. Gross indicated that his laboratory should have
been able to detect 10 ppt, the level found at RIP. Therefore, Ir. Gross
classified the TRP result (sample DFS-20) as an "analytical discrepancy.”
However, the detecticn of TCID in the liver of this animal after reanalysis
(N 227, Table 3) affirms the original detectiocn by WN-L and strengthens their
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conclusion that the liver sample was a "possible positive."
Exrror in Analyses, University of Nebraska

'l}he intial data cbtained from quality assurance samples were low by a factor
three or four. After reexamination of their analytical procedures, UN-IL
det t the error probably occwrred when the gain (or sensitivity) of

the mass spectrometer was set at a maximum under the assumption that the
levels of TCID that might be detected would be below 5-10 parts per trillion.
Extracts cmtﬁning greater amounts of TCDD produced signals that led to
saturation of the detector and produced results that were too low (Table 1),
IN-L verified this by repeating the analysis of same samples (Table 2). The
results cbtained after reanalysis showed levels considerably higher than
reported originally, in accord with the explanation given abowe. Because of
this gystematic error in the initial UN-L data, Ir. Gross suggested that more
oconfidence be placed in the actual concentrations of TCDD reported by TRP than
in values for the same samples frem UN-L.

Ir. Gross, UN-1, considered a sample to contain TCDD only if it was found
positive in both mass spectrametry laboratories. He oonsidered other samples
"possible positives" if TCDD was detected in one of the laboratories bot not
in the other because the detection limit in that laboratory was comparable or
higher than the level determined by the first laboratory. Therefore, the
second laboratory was simply not able to verify the detection. Ir. Gross
considered a few detections " analytical discrepancies” because the
capabilities of the second laboratory were adequate to verify the detection
(i.e. their detection limit was lower than the level found by the other
workers), but TCID was rnot detected.

The eystematic error in the UN-IL data does not discredit the analyses. There
were no false positive or false negatives in the analyses of the controls
provided to WN-L. o positives were found in the control samples. BAn
excellent correlation exists between the fortified amounts of TCDD and the
amownts, although the UN-L values are systematically low by a factor of

3 to 3.5. The initial Un-L data (Table 1) register a binary result:
*positive” or "not detected." Secondarily, the data can be used to establish



a concentration level. The 95 percent confidence interval cbtained by UN-L at
the S parts per trillion level (ppt) is about + 7 parts per trillion.
Therefore, there may be no significant difference between 4 or 5 ppt, for
etample, and 12 or 13 ppt.

The results are in accord with the low TCID uptake as a function of time. fhe
correlation appears excellent.

One explanation for the results reported above, as proposed by Ir. Gross, is
that the TCDD concentrations in the tissue of the exposed deer are distributed
about an average; same samples have concentrations lower than an average
value, ard scme contain TCDD at levels greater than the average. FRurthermore,
Dr. Gross cbserved that the average TCID level slowly increases with time of
exposure. Thus for deer collected 48 hours after spraying, the presence of
TCID was rnot detectable ard there are only hints of the possible presence of
the contaminant. For deer collected after living on the study are for 2 weeks
after spraying, there was one definite detection and further hints of the
possible presence of TCDD. Finally, for deer collected after living on the
study for 4 weeks after spraying, the average level exceeds the detection
limit, and five tissue samples are found to contain TCDD up to a level of 27
parts per trillion. Four samples are found to be definitely “not detectable"
in accord with a distribution concept.

RESFNSE CF PLANT AND SMALL ANIMAL QOMMUNITIES

Vegetation Structure and Camposition

Vegetation cn the treated and untreated portions of the site were similar,
although there were minor differences in structure and species composition of
the plant cammnity on the smaller untreated portion of the area (Table 2).
Cover of willows and total live canopy cover was greater on the untreated
portion, and the untreated area contained a small planting of sequoia
saplings—the only sequoia on the site.

The data in Table 2 indicate that Ceanothus integerrimus was effectively
suppressed, although other shribs were affected to a lesser degree. Even C.




integerrimis was resprouting to some extent. ‘There was no evidence that the
treatment affected conifer growth up to 1 year after spraying.

There was no measureable shrub utilization by ungulates as they were excluded
fram the area by the fence. The nine deer held within the enclosure in
September - October 1978 had no apparent impact on the 1979 browse production.

The form class of the shrub species in 1978 suggests the relative preference
for each species by deer and cattle (Table 3). Ceanothus integerrimus and
Salix appeared the most desirable browse Arctostaphylcs and Ribes appeared
less desirable. Thus the most palatable hrowse species appear to be most
affected by herbicide treatment.

Mammal Commmnity

The herbicide treatment produced no statistically significant changes in the
ccourrence or abundance of any amall marmal species cbserved (Table 4). The
methods of assessing short term vertebrate response to the herbicide
treatment, the small gize of the study site in relation to hame range size of
most vertebrates, and the aritificial exclosuwre of many animals from the area
after treatment preclude a rigorous analysis.

Bird Commumity

Because hreeding birds were not sampled before treatment, no cause and effect
conclusions about the influence of spraying on breeding bird occurrence or
abundance are possible. Hwever, the post-treatment survey suggests that of
nine bird species cammon in the brush habitat before herbicide applicaticn,
three species (dusky flycatcher, MacGillivray's warbler, red-breasted
sapsucker) may be benefited, four species (fox sparrow, yellow warbler, Anna's
humingbird, wrentit) may not be affected, ard thzfgesies (robin, junco) may

the habitat less favorable as a result of (Table 5). The treated site
And 26 percent fewer bird species cbserved than the control site.

Reptile and Amphibian Canmmnity




A post-treatment sampling of reptiles by means of pitfall traps provided data
on two lizard species. Western fence lizards were caught nearly twice as
fraquently in the control area as in the sprayed area but the difference was
not significant. The sagebrush lizard was caught only in the sprayed area.
Western terrestrial garter snakes and Pacific tree frogs were cbserved in the

stuly area,



CAXTISIONS
TCID Analysis

Therefore, we conclude with high certainty that TCID can exist in the
enviroment after a normal dosage of 2,4,5-T for a sufficiently long time to
accumulate in the tissue of animals confined to the sprayed area, and that the

levels of TCDD in the tissues appears to increase with increased time of
e Mot~ ol Leaths "‘&J Tvv-T e TRLOD et U ladaes Loty T

L"‘lr Co-dn 3 H.QLJ-. '--— v - e am e bs

One year after the herbicide application, vegetation monitoring showed
conclusively only that the treatment suppressed most Ceancthus intergerrimus,
an important deer and cattle forage, but had little noticeable impact on other
vegetation, It was too early to determine whether the treatment enhanced
conifer gorwth or vhether it was cost effective.

Ir. Gross, WN-L, concluded that 2,3, 7,8-TCDD can be detected in the tissue of
deer living in a forest area sprayed with 2,4,5-T herbicide.
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Table 1. OQrigin, Sex, Weight and other Data for Deer Used in Study

- Time Of Weight

Deer Ramoval fays In {ibs.) Carcass Fat
_No. Origin Sex From Site Enclosure In Out Condition

1 Kook F* Oontrol

2 El Camino M (ontrol

3 Growlersburg F 2 weeks as NA 90 Foor

4 Growlersbury F 48 hrs, 21 105 102 N> fat

5 Growlersbury F 48 hrs. 13 %0 B85 Foor

6 Placer F. C. M 4 weeks 39 %0 8  Foor

7  Placer F. C. M> Died 2

8 Placer E. C. F 48 hrs. 13 95 80 Foor

° Placer E. C. M 4 weeks 39 95 96 Good

10 Placer E. C. F 4 weeks 39 80 BO @0l

11 Bidwell Park, Chico F 2 weeks 20 112 106  Very Good
12 Bidwell Park, Chico M 2 weeks 20 87 &0 Cood

a) M = Male; F = Female;: C = Castrated Male

b) Castrated



Table 2. Recovery of 2,4, 5-T from Spiked Deer Tissues

Concentration 2: 4, 5—2

2,4,5-T Added Percent

Tissue - (ug) {ug} Recovery
' K:i.dney‘ 2.3 4.0 59.¢
Liver 0.8 1.0 B3.0
Blood 0.9 1.0 90.0
Urine 252.0 300.0 £4.0
Lung 1.2 1.0 117.0
Feces 4.9 T 6.0 82.0
Stamach (ontents 6.9 10.0 69.0
Mugcle 0. 1.0 e1.0o
Thyroid® —_ — —_—

Average recovery 83.1

a) The spike level corresponds to the average level of 2,4,5-T found
in each organ in the deer tissue samples.

b) Insufficient sample for analysis.



Table 3. Results for Analysis of Deer Tissues for 2,4,5-T

Time After 2,4,5-T Application

2 days 2 weeks 4 weeks——-———~  Control

Deer No. 5 4 8 3 11 12 6 9 10 2
Tissue | Concentration 2,4,5-T (ppm)®

Kindey 1.0 4.5 5.5 2.1 0.6 2.2 0.7 1.3 1.6 <0.1
Liver «0.1° 0.4 1.0 0.4 m%0.222 0.2 0.1  <0.1 0.1 <0.1
Blood <0.1 0.6 0.5 0.1 NA (0.2) 0.4 <0.1 0.1 0.1 <0.1
Urine M 330.0 N 82.0 185.0 80.0 64.0 160.0 NA <0.1
Lung <0.1 0.7 1.0 0.3 0.5 0.1 <0.1 0.1 <0.1 <0.1
Thyroid = <0.1 2.2 0.4 0.4 <0.1 <0.1 <0.1 0.2 MNA (0.1) <0.1
Feces 1.1 8.5 5.0 2.1 5.7 1.6 0.9 0.8 0.5 <0.1
Stomach 1.9 2.4 8.5 9.0 7.5 3.0 1.5 4.0 7.0 <0.1
Muscle <0.1 <0.1 0.1 0.1 <0.1 <0.1 <0.1  <0.1 <0.1 <0.1

- a) Values are uncorrected for 83.1% average recovery. See Table.

b) Although scme samples had a lower limit of detectability, 0.1 ppm was adopted for uniformity.

c) NA = Not available.

d) values calculated fram average of available data and used inm ANOVA calculations are enclosed in a
parenthesis.



Table 4. Calculated Means and Analysis of Variance of 2,4,5-T in Deer Tissue from Blodgett Forest,
1978. The Following Symbols are Used: T = Time; P = Tissue
Subclass
Combination Count Per Mean T P Means
T 1 o 1.9022
2 Days 2 0 1.543
14 Days 3 0 0.802
28 Days
P
Kidney 0o 1 2.167
Liver 0 2 0. 265
Blood 0 3 0.254
Lung 0o 4 0.332
Thyroid 1) 5 0.384
Feces 0 6 2.914
Stamach 0 7 4.978
Muscle 0 8 0.031
Analysis of Variamwe of Variable 1 2,4,5-T (PMM)
Source of Variation w 8s MS F cv
T 2 0.151E-02 0. 754E-01 1.45
ERROR A 6 0. 311E-02 0. 519E-01 160.9%
P 7 0. 200E-03 0. 287E-02 13.06xxxb
TXP 14 0. 334E-02 0.239E-01 l1.09
ERROR 39 0.857E-02 0.220E-01 104.7%
TOTAL 68 0. 366E-03

a) Data are presented in parts 2,4,5-T per-million-parts deer tissue (wt/wt).
b) Denotes significance at the .0l level.



Table 5. Duncan's Miltiple Range Tests of 2,4, 5T (hncentrations in Deer Tissue
Samples (bllected at Rlodgett Forest, 1978.
Significance at 5 PRercent, Ranked Means
Deer
7 Stamach QGontents 4.976% >
6 Feces 2.914
1 Kidney 2.167
5 Tyroid 0.384 2
4 Lung 0.332 2
2 Liver 0. 265 2
3 Blood 0.254 z
8 Mascle 0.031 Z
Isr 1.413

a) Data is in parts 2,4,5-T per-million-parts deer tissue (wt/wt)}.
1) Means that have letters under the same subgroup are not significantly

different.



Table 2. Influence of 2erially Spraying 2.4,5-T on the Structure and Species Oomposition
of 2 Swub CGmmmnity as Measured by the Change in Live Canopy Cower and Live
Canopy Feight (ne Year PFost-Treatment.

' ~Change from
Variable Untreated Treated a Untreated to Statistical b
(Plots 1,2,3) ({Plots 4,5,7.8) Treated Significance

Plant species {per 100 m?)

197¢ (pre-spray} 23.7 23.3

1979 (post-spray) 15.0 15.3

pifference -8.7 -8.0 +0.7 NS
Cancpy height (m)

lo7s 3.0 3.2

1979 2.0 1.2

i fference 1.0 =2.0 -1.0 ks
Total live canopy cover (%)

1978 06.7 86.0

1979 116.0 5€.3

i fference 4+19.3 -29.7 ~49.0 *k
C. integerrims cover (%)

1978 26.0 lo.5

1979 39.0 4.0

i fference +13.0 ~15.5 ~28.5 bk
C. cordullatus cover (%)

1978 2.0 a.0

1979 1.2 2.3

Difference -0. 7 -£.7 -6.0 NS
Arctostaphylos sp. cover (%)

1978 25.0 12.8

1979 25.7 17.3

Difference +0.7 -2,2 -2.9 NS
Ables concolor cover (%)

1978 2.3 4.8

1679 0.6 3.0

Difference _ -1.7 =1.8 . 0.1 NS




PP Sl

2me vegetation data for plot number € were lost.

Doratistical significance of the cbserved changes were tested by Student's t test (5
degrees of freedam) for mequal sample size (Simpson et al. 1960:176) Symbols used
inclule: NS ®w P > 0.05; * = p < 0.05; ** =p < 0.01; *** = p < 0.001.



Table 3. (ondition of Browse Species in Study Area, Blodgett
Experimental Forest in Septeamber 1978. Species are listed
in Order of Their Apparent Preference by Deeer and Cattle

Form Classa
~ Sample
Browse species Size 1 2 3 4 5 6 7
Percent
Salix lemmonii 12 0 33 5 s 8 ©0 © o0
C. integerrimus 211 2 22 10 45 T2 3 o o
€. cordlatus 60 23 72 ) I 1 0o o0 o
X. petula 179 23 & 5 2 o 1 o0 o
A. %_v scida 59 40 7 10 4 3 0 6 ©
Ribes roezlii 136 BE 8 1 0 0o 0o 5 ©

®rorm Class 1 = available, unhedged
2 = partially available, unhedged
3 = available, mcderately hedged
4 = part available, moderately hedges
5 = available, severely hedged
6 = partially available, severely hedged
7 = unabailable
8 = dead



Table 4. Influence of Rerially Sraving 2,4,5T on the Ccourrence or Zbundance of Selected
Marmal Species One Year Rost-Treatment

Thange Iram
htreated Treated htreated to Statisticala

variable (Plots 1~3) (Plots 4-8) Treated Significance

: : , b
Beechy ground squirrel

1978 .0 0.2

1979 2.0 0.2

mfference +1.0 0.0 =1.0 NS
Deer mouse

1978 3.7 a.B

1879 10.0 9.0

Di fference +5.32 +5.2 -1.1 NS
Trowbridge shrew”

1978 0.0 0.2

o790 0.3 0.6

Difference +0.3 4+0.4 +0.1 NS
Broad-footed rroled

lo78 8.3 21.0

1979 15.0 33.0

i fference +6.7 +12.0 +5.3 NS
Brush mouse

1978 2.0 2.0

197¢ 0.0 1.6

i fference -2.0 =0.4 +1.6 NS
Pinyon mouse

lo78 2.3 1.6

1979 0.3 3.6

Di fference ~2.0 +2.0 -4.0 NS
Iqag—eared chipmink

1978 2.6 0.0

1979 0.3 0.0

i fference =2.3 0.0 +2.3 NS

SotatIEtical significance of the cbserved changes was tested by Student's t test (6 degress

of freedon) for unequal sample size (Simpson et al. 1960:17).

No changes were



significant: NS = p > 0.05.

Drvean rercent frequency of sign per six track plot nights on each sample plot using cne 10
ca track station per plot.

CMean new captures per 120 trap nights (corrected for trap failure) on each sample plot
uging 40 Shexman live traps per plot.

dMean percent frequency of sign per 20 10 ca circular elements on each sample plot.



Table §. CQonparisen of Mean Standardized Zoumdance of Birds Found
in Untreated and Treated Fortions of Study Area in June

1970,

Uhtreated " Mreated Tercent
Species (Plots 1-3) ({(Plots 4-8) Difference
MacGillivray's warbler 1.6 5.2 +225
Red-pbreasted sapsucker 0.3 0.6 +100
Dusky flycatcher 3.8 6.6 +74
Wrentit 0.4 0.5 +25
Fox sparrow 8.7 8.9 +2
Anna's humingbird 0.7 0.6 ~14
Yellow warbler 5.4 4.6 ~15
Dark-eyed junco 1.7 0.7 59
Mnerican robin 3.1 0.9 =71
Total aburddance 28.4 30.3 +7
Rird species 23 17 =26




Table 1. Spray Deposit ata Sumary by Sampling Line, of herial Herbi
Rlodgett Forest, October 2, 1978

cide Bpplication,

Serpling Line Range
A 0.71 to 10.6
B 0.43 to 7.54
C 0.01 to 6.18

2Micron = 0.001 mm. [
Pry ameter associated with the 2 rerage, drop valuve.

Crviameter associated with the mekdian drop volume.
|

~ D>
3

Recovery Rate {gal./A)

Average
3.54
3.80

2.71
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Table 1. Results for Malysis of Deer Tissue for TCID (btained at the University of
Nebraska (FS-code) and Research Triangle Park (DFS-code)

I

Time of Mimal Muscle Adipose __Liver Bone Marrow
Ramoval . “Oode  TCID  bde TCLD Code  TCDD Code e
From Site | {ret) (ppt) (ppt}) {rpt)
Control 1 FS-1 &)  FS-15 A FS-30 ND(2) ——mee —
IFS-14 ND  DFS-27 5 DFS-31 2 _— —

2 FS-2 ND  Fs-16 ND(.9)®  Fs-3z8 D FS-43 ND

IFS-13 ND  IDFS-26 3 DFS-32 ND IFS-48 ND

48 hurs 4 FS=-% ND — e — FS-32 ND ——— e
. IFS-10 ND — — IFS-38 ND — —
5 FS-6 ND FS-19 3 FS-37 ND —_— ——em
DFS-9 ND  DFS-23  ND{(2) DFS-33  ND —— —
8 FS-9 ND FS-21 ki FS§=30 ND{2) ~e——we ——
DFS—6 ND  DFS-21 3 DES-40 5 — —
2 Weeks 3 FS-4 1.6[) Fs-17 1.92 FS-33 WD — ——
ws-11 12 ) DFS-25 5 IFS-37 WD ——— —

11 F5-12 ND FS-25 ND(1} FS-35 ND FS-48 ND
LFS-3 ND  IFS-17 7 DFS~42 ND . S
12 FS-12 NP FS-26 2.2 FS-28 ND — ——
DFS-2 ND DFS-16 4 DFS-42 ND _— —_—
4 Weeks 6 PS-8 3.4  FS-20 2.9 FS-31 2.5 FS-44  2.0°
I¥S-7 24 DFS-22 12 DFS-39 3 [FS-47 ND

9 FS-10 NP  FS-22 1.62 FS-34 2.1  FS-46 ¥D

DFS-5 ND  IFS-20 10 CFS-36 ND{2) DFs-47 ND

10 FS-11 4.6 FS-24 2.9 FS-42 3 FS~47 ND

PS4 27 DFS-18  ND(3) DFS-28 2 DFS-44 ND

aJ‘.m:c:rret‘.“l:. isotope intensity ratio cbserved for the signals at m/z 320 and m/z 322 in the
Becond analysis at WN-L. Considered "ND" by Ir. Gross.

Dretection limit in perentheses, rpt.

“}o signals detected at oth m/z 320 and m/z 322 at WN-L in the IN validation study.
Considered "ND.”

dsignals below the detection limit cbserved at m/z 220 and 322 in the UN validation
study. Considered “ND.*



Table 2. Results for Reanalysis of Deer Tissue Fxtracts for TCID (btained
at the lhiversity of Nebraska (FS-code) September 17, 1980

Mimal Oode

Tissue TCDD a Initial True RTP
No. Type {(ppt) Results Value ‘alue
thiversity of of sqles
Nebraska
1 FS-3 Muscle 16 o TCDD TCDD
(quality oontrol) pet ppt prt
3 15 -
3 FS-4 Muscle 9 1.6 - 12
4 FS-5 Muscle ND ND{0. 9} - ND
1 FS-7 Muscle 28 7.4 30 -
{guality control)
6 Fs-8 Muscle 14 3.4 - 24
10 FS-11 Muscle 19 4.6 - 27
1 FS~-14 (Quality control) ND ND 0 -
l FS-18 Aipose 34 12 43 -
(quality control)
| Fs-23 Adipose 17 4.2 16 -
(quality control)
B FS-30 Liver ND(2) - 5
9 FS-34 1iver 2.1 - ND(2)

8oncentrations corrected for trace (ca. 0.23) native TCDD in the TCDD
cl-37 internal standard.
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Table 3.

Results for Reextraction and Reanalysis of Deer Tissues for TCID

at the Wniversity of Nebraska Tecenber 1980

TCID Levels are Reextraction Initial Results
Compared with and Reanalysis N-L/RTP
Initial Results =L
At IN-L and RTP
Time of Animal Tissue <o TCLO
Removal No. Type (ppt) {ppt)
from Site
Y
Control 1 Liver N 229 ND F5~-39 ND({2)
IFS.31 2
1 Adipose w1 NI FS-15 v
[s-27 5
48 Hours 8 Liver N 228 3 FS=30 ND(2)
{ 3 DFS=-40 5
2 Weeks 11 Mipose N 225 FS~25 ND(1)
IFS=-17 7
12 Mipose N 230 ND FS-26 2: 3
ND DFS-16 4
4 Veaks b Mipose N 226 F8=22 1.6
DFS=20 10
9 Liver w 227 3 FS-34 2.1
ND IFS-36 ND{2)
10 Mipose N 10 3 FS-24 2.2
2 DFsS-18 ND(3)

81 correct isotope intensity ratio cbserved for the signals at m/z 320 and

m/z 322 in the second analysis at UN-L.
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