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ABSTRACT

Ti ssue sanples from deer exposed to either direct aerial application of
2,4,5-T or to 2,4,5-T sprayed forage from Bl odgett Forest were anal yzed for
the presence of the herbicide, Sanples fromthe stomach, feces, kidney,
thyroid, lung, liver, blood and nuscle tissue were taken 2, 14, 28 days after

the herbicide application.

Low level s of 2,4,5-T were detected in all tissues sanpled. The stomach had
significantly higher 2,4,5-T | evels than any other tissue (4.98 ppm,wt/wt)
and the nuscle tissue the least (31.11 ppb,wt/wt). The time of sanpling
(days after the aerial application) did not influence the amount of 2,4,5-T
detected in tissues and the relative level of the herbicide in tissues did
not change over time. The nuscle tissue, considered the nost desirable
portion of the deer for human consunption, contained extremely |ow |evels.
The likelihood that the nmuscle tissue mght be hazardous to human health is

extrenely |ow
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| NTRODUCTI ON

The aerial application of the herbicide 2,4,5~Trichlorophenoxyacetic acid
(2,4,5-T) to large acreages of rangesand forest |ands which are open to
deer hunting has pronpted major concern. This concern is centered on the
possi bl e bioaccumul ation of 2,4,5-T and its contam nant 2,3,7,8~Tetra~

chl or odi benzo- p-di oxin (TcbD) in the deer and the subsequent possibility

of human consunpti on.

The California Department of Food and Agriculture participated in a coop-
erative study titled “The Blodgett Forest Environmental Monitoring Project.”
This study was designed to answer questions about the environmental fate of
2,4,5-T and TCDD in forest and rangel ands as well as the possible biocaccumu-

| ation of these conpounds by deer.

The University of California at Berkeley provided the 11-acre site at the
Bl odgett Forest Research Station. Dr. Barrett of U C Berkeley studied
the impact of 2,4,5-T on the small animal population. Dr. Hugh Bl ack,
United States Forest Service, supplied the funds necessary for fencing the
site, applied the material to the application site, and coordinated the
analysis for TCDD by Dr. Goss at the University of Nebraska. Dr. Black
arranged for the preparation of the sanples for TCDD anal yses by the

Environmental Protection Agency Laboratory at Bay St. Louis, Mssouri and



an assessment of the spray distribution on the site using spray cards

placed by the U S F.S. Forest Insect and Disease Management Unit in Davis.
The California Department of Fish and Game participated in the study and

was partly reinbursed by contractual funds supplied by the California
Department of Food and Agriculture. They collected and transported the

deer used in the project, studied their habits on the site, and collected
the tissue sanples at prescribed times. The Department of Food and Agricul -
ture nonitored the 2,4,5-T application using high volume air sanplers;
collected soil, water and vegetation sanples; and supervised the analysis

of herbicide levels in deer tissue. Additionally, the Department contracted
with a private laboratory, California Analytical Laboratories, Inc. in
Sacramento, California, to perform TCDD anal yses on plant tissue, herbicide
formulation, nylar fallout panels and 2,4,5-T analysis in the collected deer
tissue. The nylar panels were used by Dr. Don Croshy of the University of
California at Davis in a collateral study on photodegradation of TCDD in

pesticide formulations when sprayed on a forest site.

This report will be linted to results of the analysis of 2,4,5-T in the
deer tissue. A previous report discussed the results of the analysis of
air, water, soil and vegetation by the Departnment's Chenmistry Laboratory
Services Unit and the methods used by the Department in collecting the

sanpl es (1).




METHODS AND MATERI ALS

Site Description

An Il-acre site (Figure 1), previously described in detail (1), was
enclosed by a nine foot hog wire fence. A circular livestock watering
trough was placed in the enclosure to supply additional water since the
flow fromthe spring located in the enclosure was judged to be inadequate

for the confined deer popul ation.

Her bi ci de Appl i cation (10/2/78)

An aerial application of 2,4,5-T was applied to the site on Novenmber 2,
1978 (0950-1020) at arate of four pounds active ingredient in 10 gallons
of water per acre to approximately eight acres at the north end of the

encl osure.

Deer Collection

The seasonal constraint of the study made the collection of wild deer
uncertain, but the ueof transmtter darts to collect deer was believed
to have the greatest potential to collect deer during the late summer when
trapping is not effective. Deer are considered the “problem species” of
wildlife for use of renote chemcal restraint techniques* Presently, there
are no drugs that have proven totally satisfactory for deer. However, sone
experimental success has been achieved with a mxture of 3.8 ny M99 and

30 ng Ronpun with 150 U hyal uroni dase.



Six transmtter darts were purchased from Wldlife Miterials, Carbondale
Illinois, to be used with Palmer Cap-Chur syringes and gun to attenpt to

capture nine wild Col unbi an bl ack-tailed deer (Odocoilews hemionuscol-

umb{anus). These darts, when used with a 3cc syringe, weighted 30+ grans
and measured 16.4 cmin length plus a 19 cmtrailing wire antenna. Practice
with a 30 gram dummy dart of simlar length demonstrated the very limted

effective range of these darts.

At 35 yards, aining one foot above the deer's back, the dart would be
driven three to four inches into the upper |eg nmuscle using the .22 pro-
jector. Trials with the co,, projector were too inconsistent to use this
gun.  Through experimentation it was determined that satisfactory delivery
of a transmtter dart could be acconplished using the .22 projector and
pushing the dart half way down the barrel of the gun. The maxi num range

using this technique was approximately 40 feet.

The 40-foot nmaxi numrange of the darts dictated that a source of very tane
free-roamng deer be located. Such a herd was reported at the State Cor-
rectional Facility at G ow ersburg Conservation Canp near Georgetown, E
Dorado County, and less than 15 niles fromthe deer enclosure on the

Bl odgett Forest. The inmates at the canmp had raised some of the deer from
fawns.  These deer ran free with the wild deer of the area, which in turn
came into the canp for handouts fromthe inmates. The first attenpt to
collect one of the Gowersburg deer was a textbook classic. After being
darted, the adult fenale deer ran approximately 50 yards into the forest

where the drugs took effect. Wilizing a radio receiver leased from




Wlidlife Miterials, Inc. the deer was easily located after waiting approxi-
mately six mnutes for the drug to take effect. A fat biopsy was taken

and the deer was transported and released in the enclosure one hour and
thirty mnutes after being darted. The next day two deer were hit with darts
but neither was immobilized. An attenpt was also nade to trap deer on the
Conservation Canp. There was good bait acceptance (bread, apples and water-
nelon). One female deer was caught and used in the study. Another was

rel eased when two small fawns were found waiting near the trap.  Two other
deer managed to get out of the traps before collection.  Several other
attenpts to dart deer resulted in one additional animal being taken and
fewer numbers comng into the area where they were fed by the inmates. Ad-
ditional attenpts were made to collect deer at a site near Kool, El Dorado
County, where a fair number of relatively tame deer were reported.  However

these deer could not be approached close enough for use of transmitter darts

and none were coll ected.

The decision was made to conclude the effort to dart additional wld deer
when the deer hunting season opened in the Sierras. The remainder of the
deer used in the study were captive animals obtained from the Placer Ecol ogy
Center and Bidwell Park in Chico. The deer at the Ecology Center were con-
tained in 6~foot by 15-foot cyclone fence pens with concrete floors and

the Chico deer were in a two-to-three acre pen containing grass and shrubs.
One of the Chico deer was darted and immobilization took 35 to 45 nminutes
using the same quantities of drug used at Grow ersburg. The second deer at

Chico was restrained by hand.



Deer Preparation and Data Collection

Al'l except one of the deer put in the enclosure were weighed and all had a

fat biopsy taken for control. A fat biopsy was obtained froma two-to-three
inch incision made over the cranial aspect of the thigh in the area of the
prefenmoral |ynph node. Cadaver dissection had revealed this area to contain

a large anount 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 scrubs of

i odi nated soap (Betadine Surgical Scrub), a rinse with 75 percent ethyl

al cohol and a paint of tamed iodine (Betadine Solution). A disposable drape
was placed over the site and a two to three inch incision was made with a

scal pel.  The prefemoral |ynmph node, surrounding fat and connective tissue
were isolated 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 small gap for drainage was left at the distal aspect of the incision and
Foracin antibacterial dressing was packed in the site at this point. Benza-
thine Penicillin, Procaine Penicillin and Streptomcycin Were injected intra-

nuscul arly.

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 |ocated

at |east once each week to establish if they were alive and well and to determne
what plant species were being browsed and what areas of the enclosure

utilized.. Cbservations were intensified around the application date with the
deer being located the day before, during, inmediately after, and the day

fol  ow ng application.




Deer Tissue Collection

Forty-eight hours after application three deer were collected by shooting

One deer had been in the enclosure 21 days, while the other two had only

13 days to acclimate in the enclosure. Two of the deer taken at this time
were wild deer and the other was from the Placer Ecology Center. Initially
all three wild deer were to be collected first; however, one of the Ecol ogy
Center deer developed a swelling of unknown cause under the biopsy site.

It was decided to take this animal rather than run the chance of it dying

from possible infection. To mnimze the possibility of contam nation from
the enclosure environment, the deer were transported fromthe enclosure to the
Bl odgett headquarters where they were weighed, hung and skinned by a person
who had not been to the spray site, A second person who wore rubber surgica
gl oves and who had not been in contact with the outside of the deer took
sanples of lung, liver, nuscle, kidney, fecal material, rumen content, thyroid,
bl ood and urine (when available) and placed themin prelabel ed bottles for
2,4,5-T and TCDD analysis.. The sanples were then frozen. The mddle incisor

of each deer was renoved for age determ nation.

The deer collection, tissue sanpling and handling process was repeated two
weeks after application. The wild deer taken in this collection had been in
the enclosure for 35 days; the other two deer obtained from Bidwell Park were
in the best fat condition when placed in the enclosure 20 days prior to this
collection. The final collection was made four weeks after application.

These animals were all fromthe Placer Ecology Center and had been in the

enclosure for 39 days before renoval



Two additional deer were collected by shooting from areas not known to have
been sprayed with 2,4,5-T. Tissues from these deer were used for standards,

spi ke sanples and blank sanples for the analyses.

2,4,5-T Analysis

Ti ssue sanpl es were received frozen and stored at -10°C; the samples(2-10g)
were thawed, honogenized with a Virtis Honogeni zer, and a 2.0 g (+ 0.05 g)
sub-sanpl e placed in a disposable pyrex tube (L cm X 10 cnj. Methanolic
potassi um hydroxide (5 m of a 0.1% solution) was added, the contents vortex
mxed for 5 mnutes, centrifuged, and the extract renoved with a pipette. The
tissues were again blended with 5 nl of nethanolic potassium hydroxide, and
the conbined extracts transferred to a 125 ml separatory funnel. After the
addition of 50 m of hexane-rinsed water, the mxture was adjusted to pH 10,
rinsed with two 10 m portions of diethyl ether (discarded), adjusted to pH 2
with sulfuric acid and then extracted with two 10 nl portions of diethyl ether.
The pooled extracts were concentrated in a round-bottomed flask under vacuum
with a rotary evaporator at 35°c. FEthereal di azonethane (prepared from
Diazald according to the manufacturer's instructions, Adrich) was added and
the flasks were left at room tenperature for about 30 mnutes. 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 MI-220 instrument equipped with a 1.4 mX 2mm (id) glass

col um containing 1.5%0v-17/1.95% QF-1 on Gas Chrom Q under the follow ng
conditions: colum, injector and detector tenperatures were 140°c, 220° and

290°C, respectively; the carrier gas (nitrogen) was held at about 30 ml/min.




Sanpl e peak heights in the 50-200 pg range were conpared to those of an
authentic 2,4,5-T standard (Dow) nethylated under identical conditions
One sanpl e set (deer #3) was al so analyzed with a 3% OV-225 colum to

confirm the correct identification of 2,4,5-T residues.

The validity of the analytical method was checked by spiking the contro

deer sub-sanples at 1.0 ppm  Results of this study confirmed the |ack of
interference at the 0.1 ppmlevel (all control sanples were blank) and the
validity of the nethod. After all the sanples had been anal yzed, a recovery
study whereby each organ was spiked at the average level found for that organ
was conducted. Since the average recovery exceeded 80%, the |level of 2,4,5-T

found in the treated sanples were not corrected (Table 2).

Statistical Mthods

An analysis of variance (ANOVA) was perforned on the data to evaluate the
effects of the two factors, time and body part on concentration. Duncan 's
pair-w se comparison procedure was used to test for differences anong treat-
nents. \When necessary, sinple averages of available data were used to
estimate mssing units in order to conplete 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 treatnent because of the two

m ssing values fromthe first collection.



RESULTS AND DI SCUSSI ON

A total of 66 visual observations of individual deer were made in the en-
closure during the study, 25 before spraying and nine imediately after
spraying when all but two deer were in the unsprayed area after fleeing
fromthe helicopter. Thirty-two observations were made one or nore days
after the spraying. Before spraying, 64 percent of the deer observed were
in the side that was sprayed conpared to 66 percent after the application.
The presence of 2,4,5-T apparently did not deter the deer fromusing the area
Al'l observations were nmade during the period from10:00 a.m to 4:00 p. m

Deer were observed feeding in both sides, although no attenpt was made to
measure feeding behavior because of the interruptive effect of locating the
deer. \hen observed feeding, the preferences for captive deer changed from
seemngly indiscrimnate browsing when first put in the enclosure to selecting

the preferred deer foods (deer brush and snow brush) as they became acclimated.

The 2,4,5-T analysis of deer tissues is presented in Table 3. Wth the ex-
ception of the control deer, 2,4,5-T was detected in all animals sacrificed
over the four-week period. The ANOVA indicated that time of sanpling 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 nonsignificant
interaction term between tine and tissue indicated that the concentration

of 2,4,5-T within tissues did not change with the time of deer tissue sanple
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collection after the aerial application. The coefficient of variation was
extrenely high but this was anticipated because of the uncontrolled varia-
tion in the condition, age and health of the deer and the small nunber of

ani mal s used.

The stomach had significantly higher anounts of 2,4,5-T than all other body
parts (Table 5). The amount of 2,4,5-T found in the feces and kidney was

not different from each other but was higher than those of the liver, blood,
lung, thyroid and nmuscle. The latter tissues were found to contain a statis-
tically equivalent amount of 2,4,5-T. It was interesting to note that those
portions of the digestive and excretory systens contained statistically higher
level s of 2,4,5-T which were an order of magnitude greater than the other
sanpled tissues. This is in good agreenment with 2,4,5-T analyses previously
reported by Newton and Norris (3) for blacktail deer and are al so conparable
to results reported by Leng (2) for calves. Miscle tissue, normally con-
sidered the nmost edible portion of wild deer, contained the |east amount of

2,4,5-T detected (x-31 ppb).

The absence of definitive human toxicity data for 2,4,5-T does not allow a
firmprediction of potentially hazardous concentrations in animal tissues.
The reported tissue concentrations for this study, especially those for the
edi bl e portions of the deer, are however, extremely low and one woul d not

expect them to be hazardous to human heal th.

The study design inadvertently exposed the confined deer to higher levels
of 2,4,5-T than would probably have been encountered in the wild. The

circular livestock watering trough placed in the enclosure was |ocated in
the area sprayed, No attenpt was made to cover the open water during the

application of 2,4,5-T, The use patterns of the trough were not nonitored



so no data was collected on how many deer used the trough instead of the

spring located in the unsprayed area of the enclosure. Despite the higher
| evel of exposure to 2,4,5-T very little was found in nuscle tissue. Most
of the 2,4,5-T was found in the digestive and urinary tracts from which it

was being elimnated.

The fat condition of the deer when placed in the enclosure was generally

poor except for the two deer from Chico which were in good condition. The
animals fromthe Placer Ecology Center were all in very poor condition.

The poor fat condition of the deer made the biopsy for a control unsuccessful
The quantity of fat necessary for analysis (10 grans) was not obtained from
any of the deer. Also, the biopsy operation is believed to have been the
probabl e cause in the weight |oss observed in all the deer measured before
the last collection (Table 1). Two of the three deer in the final collection
had returned to their original weight. This inprovement in their condition
was noticeable in the observations made during the two weeks prior to their
collection. It was also noted during this tine that the third deer seemed
to be declining in condition. However, this deer had nore fat tissue than
expected when necropsied and rated fifth overall in fat condition at the time

col | ect ed.

Al of the deer taken during the first two collections had varying amounts

of lynph edema in the vicinity of the biopsy incision. Two deer had enough

| ymph edema to cause swellings readily seen before they were collected. One
swel ling was about four inches in diameter and the others at |east twice

this size. By the third and final collection the presence of |ynph edema no

| onger was present around the biopsy site. In future studies if fat controls,

are needed, other sources of fat on the deer should be tried and, if possible,
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the biopsy should be made a mninum of one and one-half months before the
deer are to be collected. The data collected on the deer used in this

study is summarized in Table 1.
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Figure 1. Experinental Site Used in the Blodgett Forest 2,4,5-T Study
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b) Arbitary index where larger nunbers relate to greater anount of fat

-16~

Table 1. Age, Weight and other Data for Deer Used in Study
Renoval Veéi ght Rel ative

Deer After Days In (1bs.) Carcass Fat

_No._ aigin Sex Application Encl osure In_Qut Condi tion Age
1 Kool F Contr ol Adul t
2 El Camino M Control YRLG
3 G ow ershurg F 2 Wks. 35 NA 90 4~ (poor) Adul t
4 G ow ershurg F 48 hrs. 21 105 102 1 (no fat) Adul t
5 G ow ersburg F 48 hrs. 13 90 85 3 (poor) Adul t
6 Placer E. C. C 4 wks. 39 90 82 5 (poor) YRLG
7 Placer E. C C Di ed 2
8 Pl acer E. -C. F 48 frs. 13 95 90 2 (poor) YRLG
9 Placer E. C M 4 wks. 39 95 96 8 (good) YRLG
10 Placer E. C F 4 wks. 39 80 80 7 (good) YRLG
11 Bidwell Park F 2 wks. 20 112 106 9 (fat) Adul t
12 Bidwell Park M 2 wks. 20 87 80 6 (good) YLRG

a> M= Mle; F=Female; C= Castrated Mle




Table 2. Recovery of 2,4,5-T from Spiked Deer Tissues’

2,4,5~T ug 2,4,5-T ugb

Ti ssue f ound added % Recovered
Ki dney 2.3 4.0 59.0
Li ver 0.8 1.0 83.0
Bl ood 0.9 1.0 90.0
Urine 252.0 300.0 84.0
Lung 1.2 1.0 117.0
Feces 4.9 6.0 82.0
St omach Contents 6.9 10.0 69.0
Miscl e 0.9 1.0 81.0
Thyro:i.dc S Tt
Average Recovery 83.1

a) 2.0 g sanples processed as described under procedure.

b) The spike level corresponds to the average level of 2,4,5-T found in
each organ in the real sanples

c) Insufficient sanple received.
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1978.

Table 3. Summary of 2,4,5-T Analyses in Deer Tissue from Bl odgett Forest,
Time After 2,4,5-T Application
2 days——————— 2 weeks 4 weekg——————— Cont r ol
DFA Deer # #5 #4 #8 #3 #11 #12 #6 #9 #10 #13
CAL Tag # 10236 10235 10238 10196 10241 10242 10237 10239 10240 10243
Ti ssue 2,4,5~Trichlorophenoxyacetic aci d f ound (ppm)?
. Ki dney 1.0 4.5 5.5 2.1 0.6 2.2 0.7 1.3 1.6 Co. 1
T Liver <0.1° 0. 4 1.0 0.4 NA®(0.2)¢ 0.1 <0.1 co. 1 0.1 <0.1
Bl ood <0.1 0.6 0.5 0.1 NA (0.2) 0.4 <0.1 0.1 0.1 <0.1
Urine NA 330.0 NA 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 co. 1 0.1 <0.1 <0.1
Thyr oi d <0.1 2.2 0.4 0.4 co.1 co.1 co.1 0.2 NA  (0.1) co.1
Feces 1.1 8.5 5.0 2.1 57 1.6 0.9 0.8 0.5 <0.1
St omach 1.9 2.4 8.5 9.0 7.5 3.0 1.5 4.0 7.0 co.1
Muscl e <0.1 Co 1 0.1 0.1 <0.1 <0.1. <0.1 co.1 <0.1 co.1
See Table 2.
0.1 ppm was adopted for uniformty.

NA= Not avail

c)

a) Values are uncorrected for 83.1% average recovery.

b) Wiile some sanples actually had a lower limt of detectability,

abl e
d) Val ues cal cul ated fromaverage of available data and used in ANOVA cal cul ations are enclosed in a parenthesis,
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Table 4. Calcul ated Means and Analysis of Variance of 2,4,5-T in Deer Tissue from Bl odgett
Forest, 1978. The Followi ng Symbols are Used: T = Tine; P = Tissue
Subcl ass
Conbi nati on Per Mean T P Means
T 1 0 1.902
2 Days 2 0 1.543
14 Days 3 0 0. 802
28 Days
P
Ki dney 0 1 2.167
Li ver 0 2 0.265
Bl ood 0 3 0.254
Lung 0 4 0. 332
Thyroid 0 5 0, 384
Feces 0 6 2.914
St omach 0 7 4.978
Miscl e 0 8 0.031
Anal ysis of Variance of Variable 1 2,4,5-T (pPM)
Source of Variation DF SS M F cv
T 2 0.151E-02 0.754E~01 1.45
ERROR A 6 0.311E~-02 0.519E-01 1609%
P 7 0.200E~03 0.287E+02 13.06xxxb
TXP 14 0.3343-02 0.2393-01 1.09
ERROR 39 0.8573-02 0.220E-01 104. 7%
TOTAL 68 0.3663-03

a) Data is presented in

b) Denotes significance at the .001 |evel

parts 2,4,5-T per-nillion-parts deer tissue (wt/wt)



Table 5. Duncan's Miltiple Range Tests of 2,4,5-T Concentrations in
Deer Tissue Sanples Collected at Blodgett Forest, 1978.

Significance at 5 Percent, Ranked Means

No. Name Mean Honogeneous Sub- G oups
7 St omach 4.9781 x2
6 Feces 2.914 Y
1 Ki dney 2.167 Y
5 Thyr oi d 0. 384 z
4 Lung 0. 332 z
2 Li ver 0. 265 z
3 Bl ood 0. 254 Z
8 Miscl e 0.311 7
LSD 1.413

1) Data is in parts 2,4,5-T per-mllion-parts deer tissue (wt/wt)

2) Means which have letters under the same sub-group are not significantly
different.
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