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DEPARTMENT OF THE AIR FORCE
THE DEAN OF THE FACULTY
USAF ACADEMY, COLORADO 80840

1 July 1977

Mr John Davidson
Ag-Organics Department
Dow Chomical USA

P.0. Box 1700

Midland, MT 48640

Doar John

Under separate cover, I have sent Mr Don Ervick, 24 soil sample for TCDD

analysis (sece attached). As you will note these samples are Fram our
biodegradation plots or from Test Area C-52A. They were carefully
selectad to provide the maximum amount of data on (1) the soil persis-
tance and/or degradation rate of TCED in three soil types, (2) the
leaching of TCDD in soil profiles, (3) an assessment of degradation
potential of samples in storage in the absence or presence of phenoxy
herbicides, and (4) the confirmation of analysis by another lakoratory.

T sincerely appreciated your assistance in providing for the analysis of
these samples. T will provide a brief roport to you on the results,

_As of 15 July 1977, I will be affiliated with the USAF Occupational and

Environmeontal Health Laboratory, Brooks AFB, TX 78235. T will call you
when T got settled on station. Again, my thanks to you for all your
assistance to me during my tenure at the Ajir Force Academy.

Sincerely

AV A
SIS K‘-!&-i-u %

AVIN L. YOUNG, Capt,'Usar, PhD 1 Atch
Associate Professor of Biological Science  List of Samples
Dept of Chomistry and Biological Sciences



USAFA b “j
TCOD BIODEGRADATION STUDY U
SOIL SAMPLES _ -
SUBMITTED TO DOW CHEMICAL USA
15 JUNE 1977
USAFA R
SAMPLE # DESCRIPTION (—D o
1- Mgk~ . Garden City, KS, 22 Mar 74, 4000 lb/a, 0-6%—‘6 own TN \\
(e 23 %m ) cardon city, KS, 14 gan 75, 4000 1b/A, 0-6 L g R
‘3"\.‘500 L. g_]ggm TCDD, Kansasg 5011, formulated 22 Jan 75 2 . q-ﬁ"“—“‘{
ﬁ'ﬁ 20, q5> Woo 5 ppm TCDD plus 10,000 ppm Orange, Kansas 5011,.?, o :
.formulated 22 Jan 75 ot”
7
5. ”W{_. H-13, AFLC Test Range, UT, 5 Nov 76, 1000 1b/A, Rep I, 230?(;% 9
: . Hole 3, 6-12
6 o 50??4;' H-14, AFIC Test Range, UT, 5 Nov 76, 1000 1b/A, Rep X,
Hole 3, 0-6
7 (j{)ep"f H-25, AFLC Test Range, UT, 5 Nov 76, 2000 1b/A, Rep I, g -
*ﬁble 2, 6-12 2
8 i 00¢ H-26, AFIC. Test Range, UT, 5 Nov 76, 2000 1b/A, Rep I,
Hole 2, 0-6
9 (Hpet™ H-37, AFIC Test Range, UT, 5 Nov 76, 4000 1b/A, Rep I, .zbue?. 44T
Hole 4, 12-18
10 200wt H-38, AFIC Test Range, UT, 5 Nov 76, 4000 1b/A, Rep I, BgmD, g
Hole 4, 6-12 _ :
11> \ 6(9395“' H~-39, AVIC Test Range, uT, 5 Nov 76, 4000 1b/A, Rep I,
Y -.  Hole 4, 0-6 T
- %[ 12 n‘g‘“ﬁ? H-44, AFIC Test Range, UT, 5 Nov 76, 4000 1b/A, Rep I,
'y Hole 2,06
QF{ 13 b%w’ 11-54, AI"IC Test R‘Jnge, T, 5 Nov 76, 4000 1b/A, Rep II,
30 U4 g-—\eﬁt
'1 {'.'_.tn . l.J l \bﬁ‘r

Joﬁ’ﬂ"f =16 \%
feer 17

ch‘{’ﬂg D38
i:‘Li 1?
séngt A
et 2L
,u'of o | 2 204fT%00

upsset [

0-6" Soil Core, Site 0~7, Eglin AFB, FL, collected 31 Mar 73

Plot #6, 0-6",

Plot #10, 0-6", Herbicide and amendments plus charcoal,
Eglin AFR, FL,” 21 May 73

E~10,
B~11,
B-12,
E-17,
B-32,
E-41,
E-44,
E-45,

Eglin AFB, FL,
Eglin AFB, FL,
Eglin AFB, FL,
Eglin AFB, FL,
Eqlin AFB, TL,
Fglin AFB, FL,
¥Fglin AFB, TL,
Eglin AFB, ¥1,,

18 Nov 76, plot 5,
18 Nov
18 Nov
18 NMov
18 Nov
18 Nov
18 Nov
18 Nov 76,

76,
76,
76,
16,
76,
76,

hole
hole
hole
hole
holao
ho'le

2,
plot 5,
plot, 5,
plotwb- p
plaot 7,

plotk 9, 0-6

plot 10, hole 2, 6~12 )
plot 10, hole 2, 0-6 .-i*1"

e

Herbicide and plowed, Eglin AFB, FL, 21 May 73

12-18 10 pph #4577,
6-12 ) ppm %73 .‘@%ﬁ?‘
0-6+ \ppe D, D, y2ep T
0-6 < \pm P 5
065 ‘W”’

J(’f“‘
¢ E)

a4 - »




UNITED STATES AIR FORCE ACADEMY




ROUTING AND TRANSMITTAL SLIP

TO: (Name, office symbol, room number, Initials | Date
tiding, Agency/fost)
1.
\ T
3.
4, \ ) \ 3
s. __.r- e k
[Action { File Note and Return
 |approvat For Clearance Per Convarsation
 [As Requested For Correction Prepare Reply
Circulate For Your information See Mo
Comment Investigate Sighature
Coordination Justify
REMARKS 1
¥4 Pl ‘
O - 280, | (o0
%>

G -—»kziﬁ“//*/ [D 200 //
128 /e 1

DO NOT use this form as L RECORD of ap is, concurrences, disposals,
clearances, and similar pctions

FROM: (Name, org. symbol, Agency/Post) \ Room No.—BIdg.
Phone No.
5041-102 OPTIONAL FORM 41 (Rev., 7=76)

Prescribed by GSA
© GPO : 1977 O - 241-630 {3157) FPMR (41 CFR) 101~21.205



TCDD ANALYSIS, LIQUID ORANGE SAMPLES

Analysis Performed by ARL/LJ, WPAFB, Ohio
Samples submitted: 1 February 1975

Data Received: 11 March 1975
Sample Date TCDD
Sample Source Number Sampled PPM
*Johnston Island 1 1 Aug 74 < 0.25 (a)
" ! 2 " 1.3 (a)
: " 3 " 0.3 (a)
" y 4 " < 0.07
" " 5 " < 0.07
! " 6 " 0.07
" " 7 ! 4.6
" " 8 " 4.6
" " 9 " 5.3
“ " 10 " 0.28
**Eglin AFB 1 1 Jan 70 < 0.04
***Eg1in AFB 2 " < 0.04

(a) TCDD peak appeared on top of large interference peak.
*  Samples collected from Drums that were to be re-barrelled.
**  Sample routinely used at USAFA for laboratory experiments.

*%%*  Samples used in Biodegradation Plots, Eglin AFB, Florida, April, 1972.
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Concentration of TCDD (parts per trillion)

o Data from Plots Sampled
August 1974

& Data from Plots Sampled
January 1978

10,000y
]
] -
1,000} o ~T@h~ 7 years
1‘i: &
L
Sgp &
"J
. yek
1004
10 ' n 1 P :
1974 1975 1976 1977 1978 1979
Time (Years)
FIGURE 1. Semi-Togarithmic Plot of Soil Concentration (0-15 cm) of

TCDD in a Field Site Aerially-treated with 40,000 Kg
2,4,5-T, 1362-1964. Data for Each Date Represent Analysis
of Five 1Im* Plots Established August 1974. {Unpublished
Data, A. L. Young, USAF Occupational and Environmental
Health Laboratory, Brooks AFB, Texas 78235.)
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. REPLY TO

%-l';'fi 4 DEPARTMENT OF THE AIR FORCE
g USAF ENVIRONMENTAL HEALTH LABORATORY (AFLC)
/\’ 9}" KELLY AIR FORCE BASE, TEXAS 7824l

ATTN OF; VT
stwzet:  Trip Report - USAF Academy CO and Pullman WA

ro.  Chief, OL AA USAF QEHL
Commander, USAF OEHL
IN TURN
1. Place: Department of Chemistry and Biological Sciences,
USAF Academy CO and Department of Soils and Agronomy, Washington State
University, Puliman WA.

2. Inclusive dates of travel: 25-30 Sep 1977.
3. Person making trip: Capt Alvin L. Young.
4. Primary mode of transportation: Commercial air,

5. Purpose of trip: To attend Herbicide Orange Conference at
USAF Academy and review Herbicide Orange biodegradation contract at
Washington State University.

6. Persons contacted: (See attached 1ist).
7. Comments and Observations:

a. The objectives of the Air Force Academy Conference on Herbicide
~ Orange were to (1) review recent laboratory and field data on the fate
of TCDD and 2,4-D/2,4,5-T herbicides and to (2) define the direction of
FY78 research. Recent data on TCOD and the phenoxy herbicides from USAF
studies suggest the foilowing:

(1} The degradation of TCDD within a soil profile (i.e., not
on the soil surface) in a field environment is apparently a first order
- reaction, contrary to our earlier opinions (USAFA-TR-76-18). This means
that at any time, the rate of TCDD loss is proportional to its concentra-
tion in the soil.




TCDD, the most favorable conditions for its activity will be defined.
Attempts will then be made to culture the species in sufficient quantity

to use for enriching field soil samples. The Department of Chemistry and
Biological Science have on hand an excellent research staff, facilities, and
equipment for this project. It is estimated that in addition -to the $12,000
programmed for FY78 for the microbe study, an additional $8,000 would be
necessary for labeled compounds and technician support. The Academy team

is submitting a proposal for our evaluation and support.

_ ¢. From 28 - 30 September, I visited with Dr H. H. Cheng, Dr T. J. Mizuk
and Mr J. T. Makja, Department of Agronomy and Seils, Washington State
University, Pullman, WA. Dr Cheng is currently completing Phase II of an
Orange Biodegradation Study (see Atch 1). Much of the chemical analyses
of 2,4-D, 2,4,5-T and phenols is being done by a graduate study, Mr Makja
in support of his Ph.D. program (Atch 2). Discussions were held on a
proposed continuation of the project (Atch 3) for FY78. Details of this
entire program were discussed in a previous trip report outlining FY78
Herbicide Orange Research (26 Au g?). While at WSU, I was invited to
lggﬁggg§%gﬂgr Cheng's (Environmental Scien Course'and'to Dr M?zik's

{_WEED %giencejfourse. Both lectures were on the "Ditemma for Disposal
of Herbicide Orange." With the exception of a few final remarks on the
actual incineration (e.g., efficiency, dates of incineration) the presenta-
tions were from a paper, same title, cleared by SOFOI and given in Helena,
Montana, 16 Sep 75 at a conference on “Advancements in Pesticides."

d. This TDY gave me an opportunity to oversee the herbicide work by
both the USAF Academy and Washington State University. Although, Orange
has been incinerated, the projects by these two universities will provide
valuable data in support of the reclamation of the Gulfport (NCBC) and

Johnston Island storage sites. I recommend continuation of both projects
during FY78.

ALVIN L. YOUNG, CAPT, USAF, Ph.D. g Atchs .
Chemist/Biologist Consultant 1. Phase II Report
_ 2. Rsch Report for HO
3. Phase III & 1V
4, List of Persons Contacted
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(2) Concentrations of TCDD in soils from field plots treated
with a 3.7 ppm TCOD formulation of Herbicide Orange degraded five
half-lives during a four year period (1972 - 1976). Therefore, the T
for TCDD in alkaline desert soils was approximately 290 days.

(3) Soils from field plots exposed to TCDD were brought
jnto the laboratory, dried thoroughly at 30%C and treated to contain -
1.5 ppm TCDD. Half of the soil was spiked with 10,000 ppm Herbicide
Orange. Both samples were maintained for two years in the open at a
constant temperature of 24°C and with no water. Less than 15%
herbicide degradation occurred and no appreciable TCDD degradation
occurred in either sample.

(4) Aspergillus leoporis)isoiated from herbicide biodegradation
plots in Utah, was evaluated for its ability to degrade.1§C-TCDD.
Although the organism rapidly removed the TCDD from the media, no apparent
metabolism occurred. Recovery of the 14C--TCDD required disruption of the
cetlular membrane and exhaustive chloroform extraction. Thin-layer
chromatographic separation suggested that the recovered ]4C-compound was
the parent molecule.

(5) Analysis of Gulfport and Johnston Island soils for actino-
mycetes, fungi and bacteria indicated increased populations of microbes
with increasing concentrations of herbicide. In soils from areas of
herbicide spills, the populations of microbes were frequently two orders
of magnitude (102) greater than in control soils.

(6) The movement of TCOD in a soil profile is negligible. Note
that in Table 1, 98% of all TCDD detected is in the 0 - 15 cm increment
of s0i1. The herbicide was originally subsurface injected in an 8 cm
band at the 10 - 15 cm level. Thus, even in the 4,480 kg/ha plots, the
TCOD detected in the 15 - 30 ¢m increment may have been there because of
the mass movement of the herbicide at the time of application. WNotice
also in Table 1 the close association between rate of herbicide application



- and the level of TCDD found four years after treatment. This is another
indication that the rate of degradation is probably a first-order reaction.

(7} A question that has remained unanswered until recently
was "How'1ong can soil samples remain in a freezer without significantly
affecting TCDD concentration?” Two soil samples have been reanalyzed
after being stored for four years in a freezer in glass jars having
aluminum cap Tiners. Table. 2 give the results of the anhalysis.
Recognizing that at this level of detection, an error of 20% is acceptable,
the data support the conclusion that soil samples can be stored for at
least four years with no appreciable Toss of TCDD.

(8) Biodegradation plots that were treated with activated coconut
charcoal prior to subsurface injection of Herbicide Orange still have
significant herbicide and TCOD levels four years after treatment when
compaﬁéd with nan-charcoal containing plots. Chemical recovery studies in
the laboratory have shown that soils containing charcoal must be extracted
for eight hours with benzene rather than the usual procedure of a 30 minute
extraction with hexane/acetone in order to recover the TCDD,

b. The Air Force Academy Herbicide Staff have indicated their interest
in continuing the® program on Herbicide Orange through FY78. They propose
supporting the Gulfport - Johnston Island Storage Site Study through the
analyses of all soil samples for microorganisms. In addition they are very
interested in a brogram to determine the feasibility of enriching selected
field sites with microbes capable of degrading TCDD. Captain Cairney'is a
microbiologist and is currently the project leader. Under his direction a
preliminary study of microorganisms in the soil of Guifport and Johnston
Istand has been completed. He has isolated a number of species that could
be evaluated for their ability to degrade TCDD. LtCol Bainter and
Maj Bomat)both Ph.D. radiation biologists, are interested in examining
TCBD degradation by these organisms {using tritium Tabeled TCDD and
14C~1abe1ed herbicides). When an organism is identified that can degréde
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vt o _ : 4 Qctobér 1977
Trip Report - USAF Academy CO and Pullman WA

Chiief, OL AA USAF OEHL
Commander, USAF GEHL
TN TURN |

1. Place Departwent of Chemistry and Biological Sclences,
USAF Academy CO and Departwent of Soils and Aqrnnomy, Washingtan State
University, Pullman WA,

2. .Inclusivg dates of travel: 25~30 Sep 1977.
3. Person making trip: Capt Alvin L. Young.
4. Primary moda of transportation: Commercial air.

8. Purpose of trip: To attend Herbicide Orange Conference at
USAF Academy and review Herbicide Orange biodegradation contract at
Washington State University.

€. Persons cont&cted: {Soe attached l1st).
1 7. CGmﬁents and Observations:

a, The objectives of the Air Force Academy Conference on Herbicide
Orange were to (1) review recent laboratory and field data on the fate
of TCOD and 2,8-0/2,4,5-T herbicides and to {2) define the direction of
- FY78 research. Recent data on TCDD and the phenoxy herbicides from USAF
-studies suggest the fblIowing .

(1) The degradation of TCDD within a so1l profile {i.e., not
on the soil surfhce? in a field environment is apparently a first order
reaction, contrary to our earlier opinions (USAFA-TR-76-18). - This weans
that at any time, the rate of TLDD 1093 is proportional to its concentra-
tion in the sofl.



(2} Concentrations of TCDD in soils from field plots treated
with a 3.7 ppm TCDD formulation of Herbicide Orange degraded five
half-1ives during a four year perfod (1972 - 1976?. Therefore, the Th!

for TCOD in alkaline desert soils was approxfmately 290 days.

(3) Soils from field piots exposed to TCOD were brought .
into the laboratory, dried thoroughly at 30°C and treated to contain
1.5 ppm TCOD. Half of the sofl was spiked with 10,000 ppm Herbicide
Orange. Both samples’ wereomaintained for two years in the open at a
constant temperature of 2§ C and with no water. Less than 15%
herbicide degradation occurred and no appreciable TCDB degradation :

" oecurred in aither sample.

(4) Aspergillus leoporis, isolated frcm herbiciqg hiodegradation
Riots in Utah, was evaluated for its ability to degrade " C-TCOD.
1though the organism rapldly removed fke TCBD from the media, no apparent
matabolism occurred. Recovery of the ' C-TCDD required disruption of the
cellular membrane and exhaustive chloroform extraction. lzhin—layer
chromatographic separation sugqested that the recovered = C-compound was
- the parent molecule,

: {5) Analysis of Gulfport and Johnston Island soiis for actino-
-mycetes, fungi and bacteria indicated increased populations of microbes
with increasing concentrations of herbicide. In soils from areas of
herbicide spiils, the populations of microbes were frequently two orders
of magnitude (loé) greater than {n control sofls.

(6} The movement of TCOD in a soil profile s naq?igible. Note
that in Table 1, 98% of all TCOD detected 15 in the 0 - 15 cm {ncrement
of s01). The herbicide_was originally subsurface injected 1n an 8 cm
band at the 10 - 15 em level. Thus, even in the 4,430 kg/ha plots, the
TCOD detected in the 15 - 30 cn increment may have been there becayse of
the mass movement of the . herbicide at the time of application. HNotice
also in Table 1 the close association between rate of herbicide application
and the level of TCDD found four years after treatment. This §s another
indication that the rate of degradation is probably a first-order reaction.

{7) A question that has remafned uynanswered until recently
was “How long can soi) samples remadin in a freezer without significantly
affecting TCDD concentration?” Two sofl samples have been reanalyzed
after betng stored for four years in a freezer in glass Jars having
aluminum cap liners. Table 2 give the vesults of the analysis.
Recognizing that at this level of detection, an error of 20% is acceptable,
the data support the conclusion that soil samples can be stored for at
least four yaars with no appreciable loss of TCDD.



- (8) Riodegradation plots that were treated with activated coconut
charcoal prior to subsurface injection of Herbicide Orange still have
significant herbicide and TCDD levels four years after itreatment when
corpared with non-charcoal containing plots. Chemical recovery studies in
the laboratory have shown that soils contalning charcoal must be extracted
for eight hours with benzene rather than the usual procedure of a 30 minute
extraction with hexane/acetone in order to recover the TCDD,

b.- The Afr Force Academy Herbiclde Staff have indicated their interest
in continwing the program on Herbicide Orange through FY78. They propose
supporting the Gulfport - Johnston Island Storage Sfte Study through the
-analyses of all soil samples for microorganisms., In-addition they are very .
interestad in a program to determine the feasibility of enriching selected
fiald sites with microbes capable of degrading TCOD. ' Captain Calrney is a
microbiologist and 1s currently the project leader. Under his direction.a
preliminary study of microorganisms in the soil of Gulfport and Johnston
Island has heen covpleted. He has isolated a number of spectes that could
be ‘evaluated for their ability to degrade TCDD. LtCol Bainter and
Maj Bomar, both Ph.D. radfation biologists, are interested in examining
TCOD degradation by thase organisms {using tritium labeled TCDD and
14¢-1abeled herbicides). hen an organism s identified that can degrade
TCOD, the most favorable conditions for 1is activity will be defined.
Attempts will then be made to culture the species in sufficient quantity
to use for eariching field soil samples., The Nepartment of Chemistry and
Biological Science have on hand an excellent research staff, factiiities, and
equipment for this project. It is estimated that 1s addition to the $12,000
prograrmed for FY78 for the microbe study, an additional $8,000 would be
- necessary for laheled conpounds and technician support. The Acadeny team
1s submitting a proposal for our evaluation and support. .

~¢. From 28 - 30 September, I visited with Dr H. K. Cheng, r T. J. Mizuk
and ¥r J. T. tlakja, Department of Agronomy and Soils, Washington State
University, Pullman, YA. Or Cheng 1s currently compieting Phase 11 of an
Orenge Blodegradation Study (see Atch 1). Much of the chemical analyses
of 2,4-D, 2,4,5-7 and phenols is being done by a graduate study, Hr Makja
in support of his Ph.D. program (Atch 2). Discussions were held on 2
proposed continuation of the project (Atch 3) for FY78, Details of this
entire program were discussed in a previous trip report outlining FY78
fierbicide Orange Research (26 Aug 77). Uhile at WSH, I was invited to
Tecture to Dr Cheng’s ERVIRONMENTAL SCIENCE Course and to Dr Huzik's.
WEED SCIENCE Course. Both lectures were on the "Nilemma for Disposal
of Herbicide Orange.” Uith the exception of & few final remarks on the
actual {ncineration (e.q., efficiency, dates of incineration) the presenta-
tions were from a paper, same title, cleared by S0FDI and given in ielena,
Montana, 16 Sep 75 at a conference on “Advancements in Pesticides.”



d. This TDY gave me an opportunity 1o oversee the herbicide work by
hoth the USAF Academy and Mashington State University. Although, Urange -
has been incinarated, the projects by these two urtversities will provide
valuable data 1n support of the reclamatfon of the Gulfport (MCBC) and
Johnston Island storage sites. I recommend continuation of both projects

during F??B.

CALVIN L, YOUHG, CAPT, USAF, Ph.D. 6 Atchs

Chemist/Riologist Consultant 1.

3.

1.

5.

B.

Phase IT Report

isch Report for HO

Phase III & 1V

List of Persons Contacted

Tahle 1
Table 2
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FATE OF HERBICIDE ORANGE IN THE SOIL

Interim Report-FPhase IT

May, 1977

Most of the reseerch activities during the pas six months have been in
the laboratory, with the initiation of experiments on the adsorption-
desorption, leaching, and degradation of 2,4,5-T in the soil. There was,
on the other hand, very little action related to the field lysimeter.
study. Because of the prolonged dry period over the winter months, plus
the lack of severe weather, 1little had happened in the field. We delayed
the sampling of the lysimeters until April and decided to postpone the
initiation of the summer series of lysimeters until Avgust in order to
characterize the seasonal factors better. Reason for this modification
of research plan will become obvious from the discussion of the laboratory
data,

The purpose of the initial series of laboratory studies was to become
acquainted with the various research technigues, to compare our findings
with existing literature values for verification of our procedures, and

1o discover any discrepancies or gaps in the existing information,., Since

we already have a wealth of background information on 2,4-D, most of the
experiments in this initial series were conducted with 2,4,5-T at normal

to low levels of treatment concentration. Several reports by O'Connor et

al. (Soil Sci. Soc. Am, Proc. 38:k33, 197h; J. Environ. Qual. 5:375, 1976)
have been particularly pertinent in our comparison studies, since they used
the Palouse soil in their gtudies. The Freundlich k adsorption constants

we obtained for the Glendale solil were comparable to those by O'Connor et
al,, but those for the Palouse s0il were higher than theirs. Whereas 2,4,5-T
was desorbed readily from the Glendale soil {with 67, 74, 100,and 100% de-
sorbed at 0.2, 0.7, 10.2, and 45.2 ppm after 5 desorptions), desorption

was much less reversible in the Palouse soil {with 21, 20, 32, and 33% de-
sorbed at the same concentrations). The predictive model by 0'Connor et al.
worked well for the Glendale soil, we were interested in the applicability
of' this model to & soil with very different desoxrption pattern. Preliminary
leaching study on the mobility of 2,%,5-T in a column of Palouse soil under
saturated conditions showed that more than 50% of the 2,4%,5-T in the soil,
after leaching of ‘10 pore volumes of water, remained in the top 3 cm of

the soil column, Even though unsaturated flow may improve the leaching :
efficiency, the mobility of 2,4,5-T in the Palouse soil appears to be limited.
Ve will be developing more data to test the validity of the model used by
0'Connor et al. o '

We have also been conducting an incubation experiment to determine the degradatio
of 2,4,5-T in the soil at two concentrations upder saturated or field capa-

city conditions. The pattern of z,h,S-T degradation appeared to differ from

that of 2,4-D in that there was no exponential take-off of the degradation

rate of the former. Whereas it was almost indistinguishable between the
degradation rates of chain-labeled vs. ring-labeled 2,4-D, the side-chaln

of 2,4,5-T appeared to degrade faster than the ring. Also more 2,4,5-T de-
gradation occurred in soil at field capacity than at saturation.

Ated 4



The preliminary data from the laboratory already indicate that some modi~
fication of our research plan may be necessary. We will need to obtain more
data on the adsorption-desorption of both 2,4,5-T and 2,4-D in all three
soils, particularly at high rates of application. Similarly, we need to
characterize the mobility of these two herbicides in the three soils under
study. Particular focus of our attention will be the mobility of 2,4-D and
the persistence of 2,4,5-T,

On our agenda for research this summer include the following activities:

1. Continued verification end improvement of procedures.for extraction and |
analysls of HERBICIDE ORANGE in the soil. “ '

2.Periodical sampling of the lysimeter soils and determination of the herbicide
contents.

3. Preparation of 1hc-labeled butylesters of 2,k-D and 2,k,5-T for the incu-
bation studies.

Y, Assess the degiﬁdation of HERBICIDE ORANGE in the three soils under laboratory
conditions using —'C {tracer technique,

5.Conduct additional experiments on the adsorption-desorption and mobility
of HERBICIDE ORANGE in the three soils,

/
6. Initiate the swmer series of outdoor minilysimeters in Auguést.

7.'Initiate studies on the extractability and identification of herbicide
metabolites -- e.g., 2,0,5-trichlorophenol. Cawysi-? sidiacets. s o

It is the goal of Fhase II to develop the methodcology and to define the research
emphasis, We anticipate that much of this goal will be realized by September, '
1977,
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RESEARCH REPORT FOR HERBICIDE ORANGE

Most of the sunmer work was devoted toward developing a reliable and
sensitive chemical analysis for Herbicide Orange. The present status may be
evaluated in terms of the analytical technlque itself.

Extraction: We have been experimenting with a Sephadex anlon exchange gel fo;
extracting herbiclide Orange from both water andlsoil from a 0.2 N NaOH water
or soil extract. Presently, extraction efficiencies for both 2,4-D and
2,4,5-T have been greater than 707 for the Palouse silt loam, although

we belleve improved extraction efficiencies are still poessible. To monitor
the efficacy of the Sephadex before anion exchange, 2,4~D and 2,4,5-T can be
spectrophotometrically characterized via ultra-violet light absorption in

both acid and alkali media. Results presently indicate that a cleanup step
before esterificatipn will probably not be necessary as in nOSL chemlcal

analyses.

Esterification: 7To esterify the acid forms of 2,4-D and 2,4,5-T to the
n-butyl ester form for determination on the gas chromatograph, twe techniques
were tested, diazoalkylation and boron trifluoride/n-butyl alcohel. At this
time, diazoalkylation appears to be better adapted for routine analyses,
although both techniques appear to give approximateiy equal yields. Within
a few weeks we plan to esterify our stock solutions of C-l4 labelled 2,4-1 -
and 2,4,5-T for use in a laboratory incubation study scheduled for November.
Thirty four individual Incubation apparatuses have been constructed for

the above experiment.

Gas-liquid chromatographic determinations: GLC analyses were performed on

- Atue 2,



Orange research report, page 2.

columns packed with 5% SE-30 on Chromosordb W/DMCS, which gave satisfactory
separations of the 2,4-D and 2,4,5-T butyl esters from our supply of Orange.
Due to difficulties experienced with our tritium GLC detector, we are in

the process of upgrading our system by installing a $2000 Ni-63 electron
capture detecto?, which has the advantages of an enhanced linear range

and resistance to herbicide overloading. This additfon should lmprove

our GLC capabilities consfiderably.

Fleld experiments: We are continuing our fleld studies as last reported.

A third soil sampling was recently taken from the Palouse-Wyoming
mini-lysemeters installed last winter, while a summer set of 12 mini-
lysemeters for the Palouse~Misslssippl soils were installed and herbicides
applied. Soil samples were collected from these plots two days later,

and stored. We are also preparing the water extraction egquipment for the
minli-lysemeters. Hopefully, there will be gufficient moisture in the

early spring for water samples after winter precipitation.

Joseph T. Majka
H. H. Cheng .

September, 1977.



Phase III - 1 October, 1977 to 31 July, 1978.

VWork plan:

1. Complete the second year mihilysimeter study of the fate of Herbicide
Orange under field conditions.

2. Complete the laboratory degradation study using ring—lhc or chain-lhb
2,4-D or 2,4,5-T butyl esters in the three soils.

3. Initlate a new series of degradation study under controlled enviromment -

on Mississippi soil only with emphesis on metabolite identification and .
possibly the rate of metabolite degradation.

Phage IV - 1 August, 1978 to 30 June, 1979.
1. Complete all analyses for the various degradation studies.
2. Conclude the metabolite identification and dégradation study.

3. Complete a Ph. D. dissertation.



PERSONS CONTACTED

LtCol Hugh Bainter, DFCBS, USAF Academy
LtCol Orwyn Sampson, DFCBS, USAF Academy
Maj John Bomar, DFCBS, USAF Academy

Capt William Cairney, DFCBS, USAF Academy
Capt Randall Gaseor, DFCBS, USAF Academy

Dr H. H. Cheng, Professor of Soils, Washington State University

Dr T. J. Muzik, Professor of Agronomy, Washington State University

Mr J. T. Makja, Graduate Student, Dept of Agronomy and Soils, Washington
State University.
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